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FORE WORD
The study of "Non-Isentropic Finite Amplitude
Wave Generation" described in this report was con-
ducted by the Space Division of the North American
Rockwell Corporation for the National Aeronautics
and Space Administration, Marshall Space Flight
Center ^MSFC), Huntsville, Alabama, under Contract
NAS8-21406.
The analytical study was performed under the
technical direction of G. A. Wilhold, Deputy Chief,
'7nsteady Gas Dynamics Branch, NASA/MSFC.
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ABSTRACT
The problem of acoustic shock emission of high-
speed nozzles is discussed in terms of the theoreti-
cal aspects of nonisentropic wave .generation,. Some
of the recent developments in the analytical and com-
putational aspects of the problem are presented with
emphasis upon exhaust shocks of conical. structure.
Initial efforts to isolate the mechanism of shock
emission in terms of nonisentropic sources indicate
that local velocity fluctuations are of second-order
magnitude and serve as a triggering device rather
than as actual acoustic flow sources. The physical
effects of irreversibility of nozzles was examined by
extending the nonisentropic unsteady wave theory to
steady processes. It is shown that classical theories
are able to account only for stagnation initial condi-
tions. This sim'rlification has the effect of blotting
out the preceding history of fluid particles and its
effects.
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NOMENCLATURE
A	 Amplitude function (defined in the text)
a	 fsent:ropic speed of sound
c 
	
Specific heat at constant pressure
c 
	
Specific heat at constant volume
D	 Nozzle diameter
F 	 Body .forces Erector
f	 Friction coefficient
hi	Metric coefficient in the ith direction (i
h	 Enthalpy
h l>	 Spherical Bessel function
i	 Thermodynamic function
in	 Spherical Bes,sel function
k	 Nave number
Element of length in curvilinear coordinates
M	 ?Vlach n,amber
o	 Order of magnitude
Pn
	Legendr e ;polynomial
Pm'	 Legen.dre function
p 	 Pressure
R	 Gas constant
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r	 Radial distance between acoustic source distribution and
observation point
;C	 Linear shock dimension (as defined in text)
S	 Entropy
T	 Temperature
t	 Time
Ui	 Velocity vector
V	 Velocity in the x direction, U, (X)
W	 Forcing fu-ction
Xi	 Space coordinate, observation point
Yi 	Space coordinate, source point
a	 Nonisentropic propagaticn, speed
Process function
Fourier transform of the time input function
cRY	 Adiabatic exponent, "c`
Finite increment
5 ij	 Kronecker delta
E	 Small parameter
f ij	 Strain tensor
6	 Angle, as defined
X	 Angle, as defined
Viscosity coefficient
P	 Density of the fluid
:iii
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ij	 Viscous part of the stress tensor
1^k	 Angle, as defined
Angle, as defined
Curvilinear coordinates
Frequency
Subscripts
i, j, k	 Directional subscripts
0	 Initial conditions, isentropic variations at the beginning of the
,I-process
s	 Stagnation conditions
D
= 
a +Uj ax '
@ 	 j
L
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INITRODUCTIO
This study of nonisentrop c wave generation is a continuation of a pre-
vious two-year effort which was concluded. in October 1966 (Reference 1).
In the early part of the present continuation, some newer aspects of the
theory, as well as a general recapitulation of the previous work, were
reported (Reference 2). As a consequence, this publication omits the basic
formulation of the theory of nonisentrop c fluids which can be found in the
papers mentioned above.
The initial efforts of the current study concentrated mainly upon the
physical phenomena taking place in transition: regions and their dependence
upon the thermodynamic , ate of the fluid particles. However, it was soon
found necessary to extend the study of nonisentropic effects to continuous
regions, both in subsonic and supersonic flows. The reason for this exten-
sion was the early recognition of the fact that the excitation functions trigger-
ing shock emission.  were directly dependent upon the irreversible effects of
the nozzle and its characteristics. One of the results of this development
was to reevaluate thr former order-of-magnitude analysis and extend it to
general flow phenomena in addition to shock transition regions.
The early results of the previous analysis concerning the fact, that local
velocity fluctuations are of second order of magnitude when compared to
non-isentropic effects were confirmed for regions- of high entropy generation.
In this connection, the concept of local velocity and its gradients should be
clearly noted and differentiated from non-local effects, which take account of
the former history of the fluid particles. The current extension shows the
importance of the previous history of the fluid in the regime of higher sub-
sonic and supersonic velocities. It points to the fact that local variations in
non sentropic regions are secondary to the effect of thermodynamic processes
taking place.
Finally, a preliminary application of the thermodynamic J-process to
nozzle flows with friction indicated that classical theories, reflecting merely
'.ocal Mach-number effects, are equivalent to stagnation initial conditions.
.A. preliminary set of tables for ,constant-area flows of a calorically perfect
gas as a function of initial Mach numbers, subsonic and supersonic, were
obtained. These tables, which are of a preliminary nature, may be presumed
to be accurate within '15 percent of their actual value. This inaccuracy is
due to the lack of time in generating an efficient computing integration sub-
routine, especial ly in the neighborhood of singular points where a variable-
step integration is necessary.
SIB 69-16
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It is expected that this, as well as other aspects of the present formu-
lation, will be -reviewed. A more refined analytical representation of
frictional effects, especially in the regions of hig"A entropy generation at
sonic or higher velocities, as well as corresponding flow tables of a more
precise nature, should be constructed. These theoretical analyses, coupled
with the compilation of basic frictional flo ,4,-
 data, repre,3ent a logical extension
of the present effort.
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WAVE EQUATION GOVERNING THE THERMODYNAMIC J-PROCESS
In the basic formulation of the problem of nonisentropic flows, the
derivation of the wave equation governing the thermodynamic J-process was
subject to a far-field radiation approximation. It was shown how this restric-
tion was equ -.-alent to taking patkAs of constant S- and constant J-lines in the
J - S plane (Reference Z).
This equation is given by:
D2 [Rn(TP -	 a 	 ^ n(-,—P
D tp	 aX	 axi
 /
1 D P2 DS _ a p2 a S _	 I a
C Dt	 2 Dt	 ax.	 ax.	 yax. P ax. ( T13 + Fi
v	 1	 ^	 i	 ^
au. au.
Y	 (1)ax. ax.
J	 ^
where
2
ij=2µEij 3 µEkkSij
aTJ	 au.
_	 -^Ej 2
	 ax. + ax.
1
For the case of shock transition, the viscous terms of this equation
may be accounted for by the jump across the layer to which the action of
viscous forces is confined. In a similar manner, the body forces- maybe
r1ia1-car-3rrlarl 111nrla1- r-1rnrrrm'Ml -F1 t-%-,XT rnnrlifinnc_
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The remaining forcing function of the governing wave equations is
made up of three terms:
D ^^ 2—
sWl - Dt
	D 
a
IS
	
w2 - axi
	axi
W3 au. au-
axi axi
Since these three . terms are looked upon. as a forcing function of the
wave equation which governs the quiescent region, the time dependence of
such functions may enter through a series of statistical disturbances
imparted to the shock layers or other regions of high entropy production.
As a consequence, the interest here is to examine the order of magnitude of
the steady-state components of the forcing function which will determine the
amplitude of the disturbance propagating into the quiescent region. Hence,
it is necessary to compare the order of magnitude of the following terms:
Z
	
a	 as
W l Ui axi	 UJ axi
a	 2 asW4 
axi R aXi
aui au•
W3 =
	
	
J	 (2)
axi axi.
In previous derivations, these terms were compared for the case of
weak shock waves. However, in the current extension it was verified that
similar relations hold also for the case of continuous flows, provided that
the region under consideration admits of nonisentropic effects whose initial
Mach number is nearly sonic.
r
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Thus, the present analysis maybe extended to other flows in addition
to shock layers. Specifically, it will be shown in the subsequent derivation
that for the case of constant-area continuous flows, the process function
varies as:
R2 = a 0
Y -1
Y-1
2Y
Y-1
	
1 +1- 11 MD
(
M
^_O) Y
	 1 + Y _1 M2
	
-1
M	 2
Y+1
Y-1	 Y..1 2	 2Y(^^O) Y	 1 + 2 M
	
} Y-1 M2	 -1
2	 0
(3)
Now, as the local Mach number M approaches the initial Mach number
M0 in the limit, this expression becomes:
2	 2	 1 + (Y- 1) MZa
= a	 l - M2 0
Y- 1	 0
Hence, it is seen that as the initial-flow Mach number approaches unity,
(32
 is singular, even for the case of continuous steady flows. It then follows
that, as in the previous derivation, if E = MO - 1,
22 AS =0 (E)	 (5)
a
even if AS is of second.-order. magnitude in E, as in the limit S approaches S0'
i
On the other hand, is is noted that the application of the continuity equa-
tion to a region of h;gh,enk-ropy production yields the resultt
`	
au. au.
	
^? T)S 2
_	 (6)
ax. ax,.	 a2 D t
^	 1
5
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where, for simplicity, U  = [U(x), 0, 0) . But in view of (5), relation (6)
yields the result that
au. au.
	
3x1	 - o ( E2)	 (7)
	
J	 1
which proves the present contention.
Hence, it follows that in a region of entropy production governed by the
J-process, the local velocity effects are of second order when compared to
nonisentropic phenomena, for it has been shown that in terms of Equations (2)
W 1 = o (E)
W2 = o (c)	 (8)
W3 =o(E2)
especially, near or at sonic initial conditions.
Attention is drawn here to the use of the words ''local'' and ''initial''
and their conceptual meaning within the framework of the preser, analysis.
It was shown previously that one of the main characteristics of nonisentropic
effects is their dependence upon the previous history of fluid particles. The
expression defining the process function given in (3) illustrates this property.
For whereas local-velocity or Mach-number gradients tend to zero as their
increment vanishes (due to continuity), this is not the case for the process
function. In accordance with Equation (4), this function takes a sudden jump
determined by the initial Mach number of the flow. Thus, the fluid seems to
''remember'' the past, for the identical local Mach number variation of Equa-
tion (3) will not be the same for different initial Mach numbers.
However, these local-velocity fluctuations may have an indirect effect
on sound generation from high-speed nozzles by imparting initial excitations
to the entropy terms of the forcing function and, thus, provide the mechanism
triggering acoustic wave emission.
_6
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ACOUSTIC EMISSION OF HIGH-SPEED NOZZLES
GOVERNING EQUATION
The foregoing considerations will now be applied to construct an
engineering representation of acoustic-wave emission from high-speed
nozzles. It was shown in the previous section that local-velocity gradients
are of second-order magnitude in a region governed by the thermodynamic
J-process. Thus, to the first approximation for the case of sonic nozzles,
the governing equation becomes:
D 2 In (—P	- a ja'- a	 :fin p
Dt 2	p.	 axi	 axi	 FPO
(9)
1 D P 2 DS - a	 P2 as
c v
 Dt aZ Dt	 axi	 axi
It was shown (Reference 2) how, in a region of high entropy production,
the right hand side of Equation (9) is balanced by local viscous effects, local
rotational velocity fluctuations, and nonconservative body forces. In the
present derivation, when mixed regions of constant-S (quiescent region) and
constant-J processes are considered, these local nonisentropic phenomena
generate ''memory'' effects which take precedence over the immediate
happenings on the local scale.
The present acoustic analogy treating the emission of high-speed
nozzles spotlights the forcing function of Equation (9) and regards the entropy
as a known quantity expressible in terms of time and space coordinates;
The following important aspects of the governing Equation (9) should
also be noted. The left hand side represents a- constant- entropy region
which is governed by a wave equation whoseforcing function represents
nonisentropic effects, ,
 On the other hand, one could also look on this equa
tion'as a wave equation governing a constant-J region being excited by an
isentropic forcing function. This fact implies that finite amplitude isentropic
waves are intimately-connected-with nonisentropic processes,. As a_matter
of fact, it appears from Equation (9) that propagations of J-waves and
- 7 -
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S-waves are mutually de p endent, so that what starts as a finite-amplitude
isentropic wave ends up generating entropy in its development, and vice
versa,
When the equation is applied to a stationary source, as, for instance,
a fluctuating shock wave, and it is assumed that the point of observation in
the isentropic region is also fixed, the convective term may be disregarded,
and the differential equation becomes:
az
	 I a P Z -S	 a	 as
10— - a 
Z V2 
^n	
^J	
()
v at azat2 0	 (T cPO )	 at) axi dxi
It is noted that the isentropic propagation speed, a, has been assumed
constant in accordance with a far-field approximation. The same cannot be
said, however, concerning the nonisentropic propagation speed a Z which
was shown to be given by:
SO) oa_ 11 
+
Z
cp
a z 	
[exp	
P
P2 a o
exp	
CP	
+
In the subsequent derivation, it will be shown that for isothermal con-
dit,ions this propagation speed reduces simply to the pressure-density ratio
in accordance with the usual isothermal relations. However, for the case
of adiabatic conditions, which is of main interest, such an approximation
cannot be made without considering explicitly the details of the dissipative
flows. An example of such an application will be given in subsequent sec-
tions. Here it is to be noted that the propagation speed becomes space and
time dependent (in addition to its dependence on the isentropic speed of
sound) through the medium of the entropy function and the process function
to be considered in subsequent derivations.
When the criteria just discussed are applied to the case of transition
regions of zero thickness, or alternatively, if the dissipative phenomena
are constricted to such regions, the time and space input of the forcing
function may be represented by a series of random impulses. Even though
the actual physical nature of such impulses is both space and time dependent,
their random characteristic could justify the application of ergodic theory.
Such an application was initiated previously, and it was shown that for the
case of an oscillating -shock the solution of the differential equation takes on,
the form:
8
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AP	
co
in	
8Tr 2 a 0z ^fco r (w) e -iwt dw f.f' —a
	 ^-
jl 	
r kr I h2h3 
d ,^ Z 0' (12)
aq	
hi
Here hi (i = 1, 2, 3) are the metric coefficients of the orthogonal
curvilinear system ^' (i = 1, 2, 3) used, k is the wave number, and r is Phe
distance from the observa
tion point to the source. The integral. is takLn
over some shock surface represented by the coordinate qj l The quantity0
r (w) represents the Fourier transform of the time-impulse function used
in the analogy.
Originally, this time-dependent excitation function was obtained by
semiempirical means. Details of this derivation may be found in the
previous work of this author (Reference 1).
Equation (12) indicates that the dipole sources are distributed over
the nonisentropic surface ( in this case, the shock layer) and that the emission
process generates waves whose amplitude is proportional to the transition
values of the product (A P Z). This product determines the dependence of the
acoustic intensity of radiation upon the upstream Mach number. For the
case of shock waves, this amplitude function was shown to be:
	
a
	 (2YMz sinz
Y - 1 ^	 Y +1
0
AP z
( Y+1)  M 0 sin2 o	 ly +	 Y
-Y 21) M ,
0
 sing o + 2 ZYMz sing 0-(Y-l)
0	 1	
-
	
z	 2	 z	 z	
-Y
Z*YMO sin 6 (Y- 1)	 (-Y +l) mo sin 0	
(
2	 2	
13)
Y 4- 1	 (Y - I) MO sin 0+2^
9
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In the following discussion, some aspects of acoustic emission of
conical shock waves forming in the exhausts region of high-speed nozzles
are considered:.
CONICAL SHOCK WAVES CASE
The preceding derivations indicate that the primary mochani.sm of
high-speed noise emission is localized to regions in which entropy production
predominates. It was shown that these regions are goverxied by a wave
equation whose output is directly dependent upon the initial excitations
imparted to these nonisentropic regions.
As a consequence, the study of high-speed rocket exhausts with shock
formation concerns itself directlywith the acoustic emission of shocks. An
initial formulation of the problem of shock noise in terms of an acoustic
analogy was derived previouwly (Reference 1). In the following discussion,
some aspects of this initial formulation are reviewed, and a more detailed
engineering representation is developed.
It was shown in the preceding analysis that for shocks with no curva-
ture, the solution of the acoustic equation is given by;
f t	 r
	
P _ 1 Apt	a01	 dQj d¢k	 14
_ .^^n p0
	
47r a02	 aRi	 r	 i	 M
Here the subscripts i, j, k are all different, so teat i j ^ k, The element
of length in curvilinear coordinates is defined as
dQi = hi dLP i
	
	 (15
(no summation convention)
and the integral in Equation (14) is evaluated when ^' is set equal to ^n after
the differentiation has been performed. Also, the integral is taken over
the shock surface.
Relation will now be applied to the representation of the acoustic field
of shock waves having conical shapes. These shocks appear' frequentl y in
the exhaust regions of high-speed nozzles before the onset of Vlach discs.
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To formulate the mathematical problem of shock-wave acoustic emis-
sion as applied to conical shock structures, let the curvilinear coord-.nate
system. 	 Equation (15) be represented by the spherical coordinates (,4,
,15) so that:
h 1 d, I = d.,,, 	h2d^2 = ^do,	 h303 	 sin 0 d1l)	 (16)
and the shock surface is represented by q) z = 00	 0
_*_	
In this notation, the source coordination is represented by the vector
Y = y ( Y1 , YZ O Y3) such that:
YJ ,ti sin 0 cos (I
V2	 sin 0 sin i)
Y3	
co s 6
In a similar manner, let the observation point coordinates
X	 (xl, x2 , X3) be given by the spherical system.
x I R sin X cos	 x	 R sin X sin	 x3 = R cos X	 (17)
If r	 x y is the distance between the source and the point of observation,
then:
2
r = (R2 +A 1 2 R A cos a-) i/Z
	
(18)
	
cos (r = sin E) sink, cos ( ^ - ^) - cos 6 cos X	 (19)
It is also useful to express the time variation of the entropy function
in terms of its Fourier transform. Hence:
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When this expression is used in the acoustic pressure integral.
2	 ikc
^n P 	 1A	 r(w) e-iwt dw sin 0 d.h, d
P0 4 a
	
ao 
ff r
0
In previous application (.Reference 1), the integration was performed
by expanding the quantity r (R, /-, (r) in terms of the binomial theorem in the
exponent and approximating it in the denominator by R.
Presently, it appears more convenient to expand the integral in terms
of spherical harmonics. Use of the spherical harmonics expansion gives:
Q kr	 co	 (1)
r	 = i k I (2n + 1) Pn (cos 0.) in (k) h n (kR)
0
Pn ( co s a-) Pn (cos 0) Pn ( co s X)
n
+ 2 (n+rr )! Pn (cos 0) n (cos %) Cos [ m ( - )^	 ( )
M=l
When the actual computations are performed and the results are inte -
grated over the shock surface, the following results may be shown to hold
for a conical shock region:
4
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n( pl =- AP 2 A2 s in 2 0 cos A	 ^ 
-i ^ t^^ 1 
k2^ 
2+ k4,%4 k6 r46 +
1p0/	 ago	 R2	 t )0	 ^' 20	 840 - 60480 ... d0
AP 2 A2 sing 0 cos %	 ,.iwtvc	 13,2 k5n4 k7n6
i -4-	 R	 r (w) 0	 r4aZ0	 k 20 + 840 ' 60480 +.
3APZ t3 sin 2 6 ( 1 +3 co3%)	 -iwv= l k2n2 k4n4
32x2	 R3{)0	 3 - 70 + 3528'... dw0
-i cat >,=
AR2 1t:3
 sin 12 (1+3 cosh.) rMe
	
1 Z k4n2
 k 6 X 4
32a2	 R	 3	 70 + 3528 +	
dw
0
3AP2
i _.__.	 t5 sin3 @ sin  + sin2 0) (5 cos3 X + 3 cos h) n4 ^ x
128a 0
- wtJ< k3	 1,5,t2	 k7h4
x _ r(w) 0	 60 - 1620 + 95040` ... dw
_i 
3A(3 2 ( 5
 sin3 t sin 0 + s in2 8) (5 cos3 X + 3 cos)) n4 x
912az	 R
- iw t 	 5 4	 7 6
x
fr
(w )e	 k- 1 k 3 n2 + k tc - k A +.	 d w27	 1584
	 171640
where
R
t* = t - a
0
k
w = a0
When higher values of the wave numbers are desired, the previous
expansion falls short of the computational requirements.. -Thus, it is neces-
sary to use an asymptotic expansion of the spherical Bessel functions. This
_ 13
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has been done for a number of cases, but final integration results could not
be obtained prior to the determination of the proper analytical form for the
initial input function.
In the current analysis, a more detailed study of the initial input
function was effected. However, it was soon recognized that this initial
excitation function triggering emission from nonisentropic regions was
directly dependent upon the irreversible effects of the nozzle and its charac-
teristics. As a ,onsequence, it was f ound necessary to apply the machinery
of the thermodynamic J-process to steady-nozzle phenomena. Initially, the
simplest case of a constant-area flow with friction was considered. Details
and early results of this investigation are presented in the following section.
14
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f.
NONISENTROPIC EFFECT OF FRICTION IN NOZZLES
The current study of the mechanism which triggers wave emission
from nonsentropic regions indicates that the local effects of high-speed
nozzles are not predominant in characterizing sound emission. In this
connection, it should be made clear that the conceptual definition of the
Mach number in classical formulations refers to the present initial or local
Mach numbers. On the other hand, the basic characteristic of the constant-
J process is itself dependent upon the history of the fluid particles. The
initial examination of frictional nozzle flow in terms of the thermodynamic
constant-J process indicates that the history of the fluid in the nozzle has a
direct bearing on these characteristics. For example, in the case of simple
constant-area flows, the process function varies from unity at stagnation
initial conditions to infinity at sonic initial conditions. When the initial
Mach number of the flow is zero, the results coincide exactly with the
classical formulations of the problem. It is evident that, as the initial
Ma-h number of the medium entering the duct increases, the present
theories become less adequate to describe the actual flow conditions.
Hence, a detailed reexamination of the total problem of frictional
high-speed nozzle flows is warranted in order to obtain a better under-
standing of the physical dissipation. phenomena. In particular; the basic
problem of aerodynamic sound generation and the mechanism of wave
emission represented as a mathematical entity s °ild be further developed
through this analytical research effort.
In the following analysis, some aspects of the present mathematical
formulation are discussed by treating the problem of isothermal and
adiabatic duct flows.
SIMPLE CONSTANT-AREA NOZZLE FLOW
The first case considered is that of a simple constant-area nozzle
flow with friction in which the medium is a calorically perfect gas. The
momentum equation for this flow is given by
dp - (12 V ` 4f dx
	 dV ?D	 2
*Other cases are beyond the scope of the present derivations.
__ 15 ^ ,
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In accordance with the theory of nonisentropic flows developed pre-
viously, the pressure function and the density function are regarded as
dependent variables, the independent variables being the entropy S and tho
thermodynamic J function given 'by the equation:
2
dJ = --^ p dS - dp
p
Moreover, since S and J are independent,
(dJ ) S = ( aJ	 rdP	 = .d p 	 \8p} S 1 p S 	
(,aZ
-1
since it has been shown that
\aJ/	 -1_j _P) S
in previous derivations of nonisentropic flow theory.
Since a2 = YR T, Equation (26) becomes
ly
d lYl R Tl	 -cpdT
Y R = c being a constant.Y-1
	
p
By way of explanation, the effective procedure being followed here is
to reach the state B of the fluid particles which started from some initial
stage A, by taking a path constituted of straight lines S constant and
i	 J constant in the J - S plane.
Thus, Equation (24) becomes:
PdS
2
 = dC2 V 2 + Y_R T) + I V2 4 dx	 (29)P
s
(25)
(26)
(27)
(28)
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1I
bc,t, in an adiabatic process
	
d 2 V2 + Y^
_ —T
I = dh s = 0
	
(30)a
egardless of whether or not the process is reversible or irreversible.
_ _e 
Hence, Equation (29) becomes:
pdS
2
	 = _I V2 D dx	 (30)b
p
Thus, the important result is obtained showing that frictional effects
are balanced by entropy generation as a result of momentum balance.
ISOTHERMAL DUCT FLOW CASE
Although the conceptual formulation of the nonisentropic J-process
was originally intended to study the effect of dissipation and irreversibility
:in adiabatic processes, the basic machinery of the analysis. also can be
applied to the study of nonisentropic effects originating froin other thermo-
dynamic phenomena.
The dynamic effects of friction in isothermal ducts will be studied as
a short application of such cases. The medium in question is assumed to
be, as before, a calorically perfect gas satisfying the equation of state:
p ^= R pT
	 (31)
It is convenient to consider first the formulation of the momentum
equation;
X32 dS = d l ^t2 + d
	
Y RT + 1 V2 4f dx	 (32)cp	 2	 Y_l	 2	 D
i
Since the temperature in an isothermal duct is held constant, the
above equation becomes:
^2dS- d 2V2 +Z V2 D dx	 (33c 	 —	 ))
17
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The case of isothermal flow in evaluating the. process function' 4= is
considered, since for this case the entropy function is given by;
ex	
S SO = p Y -1 d S-SO _ Y-1 dp	 34Yp - cp
	
po	
cp - Y p
	
( )
It follows that:
Y-•1
(
p. 
ti—o)	 -1R 2	 aO 	 O (35)
exp
-1 
	 S-SO -1 - Y-1
cp )
Also, a2 = YRT is constant; hence, Equation (33) may be written-
.(-1) -1 dS=d 1 M2 +1 MZ4f dx	 (36)
cp	 2	 2	 D
In terms of Mach number:
	
dS_ Y-1 dM2	 (37)
cp	 2 M2
Bence, Equation (36) becomes:
(1 - YM2) dM2 4f dxYM4 - D	 (38)
which is the desired relation governing the process.
It should be noted that in contrast to the case of adiabatic flow,
	 the
above derivation yields exactly the _same results as the classical approaches.
;The process function is discussed in the next part of this section.
=	 "Adiabatic flow is considered in a Later part of this section.
1$
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Finally, it is of interest to mention the form of the nonisentropic
propagation speed defined previously by: 	 r.
a2
Z -
ap
P 2	 S "S0(Y-1) 2 exp - c
	
- 1 +1
an	 P
Y exp 
(^-so
 
- 1 + a
	+1
cp	 P2
(39)
(40)
(41)
For isothermal flow, it was shown that:
2
- Y-1
Under these conditions, ;equation (39) becomes:
2
a 2 = Y • i. e. "P= P
'	 P
aP
But this is the classical result obtained from thermodynamics for
isothermal perfect-gas variation, as should be expected.
PROCESS FUNC_,TIC,N
When the theory of nonisentropic flow is applied to continuous regions
and not to shock conditions, the process parameter p2 becomes a function of
space coordinates through the medium of the thermodynamic J function and
the entropy S, since both variables are now functions of the position and
time coordinates. As in the case of the shock wave, it is useful under these
conditions to express these functions in terms of the Mach-number variable
as parameter.
The process function p2 (J, S) in terms of the Mach number for the
case of one-dimensional, steady, continuous flow with friction is the subject
of the following evaluation.
The momentum equation in terms of entropy changes has been discussed
previously. It is now necessary to use the remaining available equations to
obtain an expression for the function P2 in terms of a parametric representa-
tion by using the Mach number as a variable.
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With reference to previous derivations (Reference 2), the process
function is given by
Y- 1
a02
 (
P
	
	
Y
^–O)	 (42)
S-S
exp -	 -1
( cp )
where p = p(S), and the subscript zero denotes the state from.which the
nonisentrop^c process starts.
Considering the case of adiabatic flow, one has:
Y-1
exp	
S-S 
0	 psi'\ Y
=	
(43)
cp ) p^ —S0)
where p s is the isentropic stagnation pressure, such that:
Y-1
S)
11 + Y-11 MZ	 (44)
P	 L	 Z
The pressure ratio in the numerator of Equation (42) may be written:
Pso
Ps	 P0
(45)
Po	 Pso	 Psi
P
and,
Y
	
P	 PS	 1 + Z 1 M0	
(46)
	
PO	 Pso
-t- 
Y-1	 Z
I	 Z M
Z 0
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Thus, the process L-arameter 2 for the case of adiabatic flows may be
written:
r
YY1 1+Y21M02
Ps
l
Y-1
	 2M
2	 a0
ps0 l +	 2
-
- -1 Y-1
p s Y
-1
Ps0
But for; the case of adiabatic, constant--area flow:
1
P l Y+ 1 —2
` M 2 Y1 )M2P 1+ 2
(47)
(48)
In a similar manner:
1 Y+l
-1	 2	 Y 1
^2	 Y1+ 1M2)
Ps	 1	 ^	 2
M	 Y -f 1	 (49)
ps
It then follows from Equation (47) that the process function becomes:
Y-1
	
Y-1
	
2Y
	
Y-I	
1 + 
2 Ma 2
-1
2	 MO Y`	 1 + Y- 1 M2
2	 a0	 M	 2	 (50)
Y-1
	
	 Y_,1	 Y +1
MO) Y 1 + Y 2 M2 2Y
_1MY^1	 2
1 +	 M0
2,
21
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ADIABATIC DUCT FLOW
It is now possible to obtain the differential equations governing the
adiabatic duct flow. The process function p z is given by:
Y-1
Y-1 iI + -, M Z T
'Y 2 0
Y . 1 2
+ — M
ao M 2
Y-1 'Y- 1 Y+l
'Y ly - 1
+ z
z
M-
ZY
(^M!-O) Y - I
L
+ -
2 0
In a similar manner, the entropy differential is given by
d5	 y-1 I	 MZ dMZ
cp 	Y
( 
2 + (-Y -1) Mz ) Mz
(51)
(52)
Hence, the momentum equation as derived previously becomes:
0 ds
V-1 I +	 M0
'Y
M	 Z!-J)	
+
Y-1
— 1\4
z
 ) az	 I - M2	dMz
—=
	 0	 (53)
C p
	
'Y +1	 2 + ( -Y 1) M-7 
YMZ
) 
'Y -1	
, 2
I + 2 M
M^-O)	 *Y	 z -
( I + —Z MO
Since, from former derivations:
	
z dS I VZ 4f (1."	 (54)
cp 2	 D
zz -
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Equation ( 53) becomes:
Y-1
Y-1 1+Y21M0z
2Y
!-O)
Y Y -11 +	 M2
M 2
Y-1 Y+1
Y 2Y
1+Yr1M2MO
2 -1
M l + Y 1 M 2
2	 q
a 	 I - M2
 dM2 _ 4f ^.z dx
0 1 + Y .. 1 M'_1 YMZ .^ D
Z	 (55)
It is also seen that when the integration for su b sonic flow starts from
stagnation point Mo = 0, the above equation reduces to the classical form:
I -M2	 dM2 .^4f dx 	 (56)
1 + Y -1 M2 Y M4 D
2
SUMNi.ARY OF INITIAL RESULTS
The present study of the problem of irreversibility in dissipative flows
indicates the importance of the history of the fluid particles in the analysis of
local conditions. For instance, the process function discussed earlier
indicates that as the local Mach number approaches its initial entrance value,
it takes a sudden finite jump. A quantitative behavior of the process function
versus initial Mach number is given in FIGURES l and Z.
FIGURE 1 represents the initial-jump conditions due to entrance
phenomena for the case of subsonic flow. It is noted that as the initial Mach
number reaches unity, the magnitude of this jump approaches infinity. On
the other hand, the behavior of the medium for supersonic flow, represented
in FIGURE 2, causes the process function to approach negative infinity as the
initial MACH number reaches unity.
i
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Figure 1. Process Functions Versus Initial Mach Number,
Subsonic Flow
In view of the present preliminary derivations, it thus appears that
the greatest contribution to irreversible fluid effects occurs in the neighbor-
hood of sonic conditions
When the complete differential equation is considered, it is noted that
the classical form is obtainable for the case when stagnation initial con-
ditions are assumed. This:. simplification has the effect of blotting out the
former history of the fluid particles and its immediate effect. Thus, the
sudden initial jump of frictional effects at the duct entrance is obliterated.
Only local conditions are predominant. A comparison between the-order of
magnitude of these cases for various initial conditions is presented in
FIGURES 3 and 4. FIGURE 3 shows the plot of the differential equation
representing frictional effects for a range of Mach numbers from 0. 53 to 1. 0.
FIGURE 4 depicts various conditions in the neighborhood of sonic flow.
- 24
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Figure 2. Process 1-'unctions Versus Initial Mach Number,
Supersonic Flow
Figure 5 illustrates the process function versus local Mach number for
various initial conditiens. The jump in value of the process function as M
approaches Mp is clearly indicated. It also can be seen how this jump
increases as sonic conditions are reached.
It is noted that the singulari' -)f the process function at the sonic
point is, in actuality, taken up oy ;,.e differential equation governing the
frictional constant area flow. This differential equation has a zero at the
sonic point; as a consequence, the product of the two is finite. The limiting
value of this product will also be determined in subsequent derivations,
since present computer data exhibit a gross instability due to the constant-
step approach used in the current study program.
- 25 -
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Figure 3. Frictional Effects for Various Initial Conditions
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ADDITIONAL CONSIDERATIONS
The preceding derivations indicate that nonisentropic effects may have
a considerable influence on the properties and the development of flow regions,
especially in the higher Mach- number ranges,. It is interesting to note that
the process function, as derived previously, takes a finite jump as the local
Mach number M approaches the initial Mach number M O . The magnitude of
this jump is given by the equation;
2	 2	 1 +(Y 1)MC
= Y a Ol --
	
(57)
1-M 20
Thus, as the initial Mach number tends to unity, the process function
becomes singular, in accordance with the basic aspects of the theory govern-
ing the J-process (Reference 2).
It is thus apparent that the differential equation governing the constant-
area frictional flow may, in view of the present theory, exhibit gross varia-
tions from that used in classical approaches, especially as sonic conditions
are approached. It was therefore of interest to tabulate some of these values
in order to obtain a means of comparison between these results. This was
done for a number of subsonic and supersonic initial Mach numbers, and the
resultant values are tabulated in the Appendix. However, due to the usage
of a constant-step integration subroutine, some of these values could not
presently be obtained with the desired accuracy, especially in the neighborhood
of the jump and/or singular points of the process function. Thus, the values
exhibited may differ in certain regions by as much as 15 percent. Neverthe-
less, the trends and -characteristics of the results are plainly indicated. The
subsonic values start from initial Mach number 0. 1, since the stagnation.
initial Mach number is exactly analogous to the classical values. These may
be found in books of classical fluid dynamics.
The tabulated values exhibit the values of the process function and the
classical function. The latter represents the integrand of the classical dif-
ferential equation. The product function is the integrand of the differential
equation derived in the present study. Finally, the friction function is the
integral of the product function whose value is equal to the average friction
coefficient multiplied by the trtaximum
 nondimensional duct length
_ 29
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CONCLUSIONS
In the current study of the problem of nonisentropic wave generation,
an attempt was made to spotlight the mechanism of wave emission in dissi-
pative regions. The fact that these excitation functions depend to a large
extent upon the processes taking place in the nozzle is in accordance with
the basic characteristics of dissipative flows and their dependence on
previous history, It thus appears that, within the framework of this analysis,
the local Mach-number effects of the nozzle may not be enough to character-
ize the phenomena of aerodynamic high-speed noise generation.
The present extension of the theory to steady-state frictional flows
may be taken as an indication of the fact that the problem of acoustic
emission of nigh-speed nozzles is of a basic nature and its development may
prove useful in other areas.
Preliminary tables for a number of illustrative cases are developed
and presented in the appendix. Presently, the complete formulation of the
problem is being reviewed in order to obtain a more general aspect of the
theory for application to unsteady nozzle phenomena. Development of a
variable-step integration subroutine will allow calculation of more exact
frictional tables. Also, the present formulation uses the isentropic speed of
sound appearing in the process function, which is based upon conditions at
the beginning of the process to form a Mach-number term of the equation.
In addition, the direction of integration for the case of supersonic flow is
not analogous to that used in classical approaches.' These as well as other
theoretical aspects of the problem will be considered.
r
*Implying that expansion rather than compression may be natural for supersonic frictional flows.
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VAPPENDIX
ADIABATIC CONSTANT-AREA
FLOW WITH FRICTION OF A
CALORICALLY PERFECT GAS
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1 4. T1 h^)c► n
1 i.h5R1•,5
1 ' . `-CI S "'i
1-'., 1 5^74i
1 1 • h 4 J: 11
1 .h74:1,
^.' „ 1 h I
^. ! ,"4	 l4
7	 41
,
J . -,742')l
7.1 1771 i
J. ."17 7 { 79
I ^ ^ ^ 1 . t + S , ^
`+• "55 .4
x.647-471
i. 44 5')') 4
ti.Jh s^^l +
'^• it •4(i ,
4.'i52t.a j
4. 3921 7 T
'•.+)01145
' . 1 44 • i ,) ') i
1.A1	 71
1. r, 7'11 39
3. ti 5^' 0 7
1.426'i6,4
3. 3C 7323
1. 1 2 34
^. (.r+l 114
?.')73'104
?. 047015 T
2. 77r! .1S
^. 1.71	 7
?. 574760
? . 4 0c,'j f, T
2. 4C' 1 ' s 74
1. ;1 74b 7
1.1357-,
2_. 15657?
2.01201)1
PRUUUCT FUNCTION
1 r •	•1 r; ,
1 c, • 74 '1 4
1 4.
1 i.')7Jl?:
13.434-444
1l	 ^h•Oh '^^+
1	 ,+)A36
c'. ",47)4
43
i ll t'+
x.)•117.1
7.
	 4^(, r
f• . h' 7 J 7 • ♦
15271
6.s ;;n,'15
5.704475
. tinh52 n
^.22	 C
5.Ci4 4W 4
4 .P74 120
4 . 7 _' `14 V ^l
'• . r 1r, 01
4. 71 rp ')
4.240144
4 . 12-A26Q
3•Qt+)42"3
3. s+350-19
3.'1,0243
'1.^•u1a14
^.^f•1 X45
3. 14 5765
'+•'"24 24
?.174071
3. ^1 MA5?
2.f411542
2.72316A
2.f•30R31
2.541412
2.4549,)3
2.3 TO909
FRICTION FUNCTION
?.•^l
l .'	 r 1
I  r^
1 .4 n " c^ C;r
1 .4 3t 234
1 .' c 10:)4
I	 ' )752
1 •/ ^ 7';'► (,
1 .1740"
l . l •.' 172
I .l
	 '^')1
I.0?J72'
J.000 "^rJ
.95's^'
'1y
(	 i pc
1.
.t'204U7
('.74-'14 ?1
x .76,_ 7!a
0.7 SJ4,4 4
C..7Jti?7t-
C.6F+z'"^1
.604',3
i'•^P1451
C .55c.1 5tj
C.537bIA
x`.511."^N3
. 496 796
0 .4 77'95
.45446h
C .44,'43C
C.4?2g52
0.3P1)45p
r..37 -4c;F0
l .35??15
6.?4317r
C.42nh44
0.31,+7Rtj
C.3C1422
n •2Qu^7^
0.2751-d1
0 92638CQ
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SPACE. DIVISION or NORTH AMERICAN ROCKWELL CORPORATIO..V
TABLE Al. SWSON1C FLOW, ADIABATIC CONSTANT-AREA FLOW WITH FRICTION
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL MACli NUMBER IS 0.100001
MACH NO PROCESS FUNLTI UN CLASS FUNLTION Plt(UULT FUNCTION FRICTION FUNCTION
U. r ' l.1•' ^.	 1, 2.1^	 .^ ,.	 ,Iq7
7
0. 7 1.`"` n,44^
J. ► •"': `•' 1,!	 •'-'	 it l.rT•.1:1 1.	 '1	 t _'1 ^.l ^ r
 ??F
I,aa15')4
'.7 + ' I	 .:	 •'^^i5 1.4U?.lt•!
G. 7'• 1 . !	 ,ti46'A ! .4174' , 1 1 .hr, ,1 V4 !
1. 7 .',0 !	 .	 l ' . 7- 1.
	
4 q 471 4 1 . ► 	 `1 "Q? c	 .	 t	 '	 1	 rr
1•/'ii 1."	 .')	 1 1.311'^r' l.7rS115 ,)..
0. it C^' 1.1	 .1' ► ')! 1..'3l'2
0. Fl,r i . l S	 !46 1 . 1 9 41 44 1 . 1 19137 .1 l7c ^.).71. 1.13+"42 1.','7117 .l"47.'
!1.	 l	 l	 ,. 1	 .	 1	 ,	 .. ttc^ 1 ,'"94? 35 ! . ^',^qti,', r'	
.1	 1	 +.,	 ^1.
^•'^ 1.	 1	 '	 1 73 1 •?.''^^ ^,, L .1	 `75'+^
n, 7.+, 1.!	 /	 ,til 1.,	 _') r ^	 i 1.1 '^s Q 4 (.1:1 4 4`
7.7"^ 1. 1 7^'^ ti ^',y?t'^ 1	 .1	 +4" 1 +4 C .^ q `, 14;
7 r,'' 4 1	 .	 I	 '1 ('.	 n 	 •'tip
i •' I.! 1)47r. ,.;"7)4'1? 1.L4^-14;. •^-+SC?2
^.? 1.1172:` .a532riF ^71 n71
3. n ! 1.	 !	 ^ •!'+s'^ ". 11 7?^ti :.^^ 4 4 3h ^`.; 79^1ti;
1.I	 ,,. r•i r , ,.7r,21V) ".	 ► '^ti^H ::.)7C''ll
'1•Gi n .' 1 • 1	 12 7491 R7 C. ,	 +4r,7u co .Gb k (' IL1.^ 1.	 l	 4 x.715174 (	 aa t'tl C.^h17')7
^134 ^..11^1N1 I`•(.^7717
'1.^3 5 .. !.	 i	 •	 . ),r ^.^J"` ^•776477 l •C53172
3•44`l
	 _ -.	 ( 7:1 r,
G. QL C , ".h72
	
7 4 309 1
1. l ull, ?C )•')^')4n	 1 C,F ­)7hn
0. i	 r, 1	 1	 ur t .2 4Q 11 vF r	 F	 ? A Cc
.458;:47 ;).540001 J.^3C9•^1
1 .2^2?74 ^, ••^ ^4?1 C.`+21137 C .^2 F 275
1.?C 4745 04CO5'.'2 0-.403140 C.( ?57?t
^,ap5 !._" 1:I?4 ?.3N6?`:1 0 940,r07y C•^?3'-32
0.390
	
?" 1.2"•c+t	 1 4 ). 3h96'11 '1.431+i1 C.C21225
0. Q ' j r-,j) - 1 . ?';^• l a ^.	 17 4 1 ,.41 34 /? C .^ 19 1 14
0.:;^^,^; l.? ll u ^4 1.320427 ^.'1bH ?'15 r.	 171t)t
^•^""^^"_ 1.'1374- .20,`7'15 ^.36'7,5 C	 1F32C
C, C `C 1.71 c,r 7^, ',.27'5 7'. 0'.33'4471 C .0 1 3590
0.41`1	 ^ I•	 '17f.1(, ^.•?60.1 ^•31h592 1).t.11r+Q?
^.^2C 1.?1 ^561, 1,,* 24`9
	
7 ^.263°11 C.	 r , 1	 13
C.'42 1.2'1` 22518 ^.171•'l^ ^.,f pQ1no
7. y 3 1•	 2 2r r},?(•t,SSQ L."50277 C•C^7r 74
^, 43 5 ^ 1.0 1 .2t`	 " t ; :.10071:3 6.21'42°1
. Q4C3)G 1.227474
.17%z7 C.208,;38 0.C,5rQ5
9. 9450),'j 1. 2791.7h ). 1 c- 36 4 5 0. 1AH Q 0 4 C. C ^4o-r F
0. -15CC"'G 1. '3140
_. 1 37',16 C'• 16 Q 473 ^ •0"H 754
0.	 c;r 1•	 ; 3 41 ; '.112035 x.150532 ^.^C2'j75
10 2 {r-r-r^r x. 1 11 /, q HQ C. 1!? 067 rnn._ ,
 2 2 74
I.2A 7ri ^4 r	 q. t
	21 67 0.114-'65 C'.:`^1678
0.970::x;, 1* ? 3 q ( 5) .'.G77A55 0.C90,514 C.C•31 IQ0
7, 475000 1.241717 ^• (763Q" G. C79401 C,	 C,	 C 753
7. 9e 003G 1.?43 79.1 -, . C5)4?1 t).C62714 0	 C!'C427
0 . 9 350'0 1.245H94 0.0+37276 0.14h441 C'.0001R3
0. 9900 Jv 1 • ? 1# 7 0 93 G. f ?44 1 7 C.0 3 '157? 300
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SPACE DIVISION or NORTH AWRICAN ROCKWELL CORPORATION
TABLE Al. SUBSONIC FLOW, ADIABATIC CONSTMIT-AREA FLOW WITH  FRICT1ON
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL MACH NL#IBER IS 0.200001
MACH NO PROCESS FUNCTION CLASS FUNCTION PRODUC1 FUNCTION FRICTION FUNCTION
1	 '	 .(-6 ,1 .	 ,4') ^	 .' l r. .' n4 c 11
J.	 )l 1.	 { I''/.'-2nt5i 1h6• »l)')ti 15.1167h6 l'
1 .. ti; , 146.16'. `69 1 V;")7473 q 14.1`	 I o	7:)
1 1, . 044 111") 144.2	 ,,,1N4 13.+:..f r  
0.4 17f,.44461-1 1 14 * 4 1446 111 0 It • 747(' r
^..'	 i 1 .'	 64 4 9,, 1 l 1. r7.'r.2 1 )^,.")i3^? : 17.	 , 1n 7u
7."	 , 1•	 r	 {	 , 4	 1 1	 1	 ).'.i17,'^l I l 7 . "i1 1(,5 !	 I	 •^	 -'	 ..4^,
114 S .N7')5'l4 1.. "11577
7. ?4	 `I 1 .'	 ', n l l' +'r.: 77^ W '4 1 )l •'+37' 6 0 I(	 , 17.' )1,
^.2,.	 i :.	 70 )(II&)011l5 '^.'	 • I'	 f.l
J• 2`l'	 JI 1.	 /1."+1) 14,6`1`' 4 )h 10. 741,'4 4-4 x.4'131
^.2 57
r•ir	 ,	 '1 1. - 74NC4 1^•, 77	 !,51 "^	 ,	 ^'	 /	 19^ k•`''^n17i
7 A, ; 3 .z >• ; • 3 .i ^+ ? ►. 4 76) l l .;,e N • 1	 7 ., ,, ti 1
J.	 ^c•)71 1.017(.n7 bt., ?204n-, '1.471	 7 7,	 x 4.71'
I.	 /`);	 )I 1..•7VIr,r. III* bi-1324 ,1.`_1`'4 ^ 704n7/r^
30	 C. 0 0)1, 1•"	 „	 ^r K.r.(;4a7!! ','.•Il•l*44 1,I^^..,1
I.2f 141 ' I I ► .0	 '.2177 '+13,71124r,"I 11)'
	 . A7v1	 1 0,	 74127
).14 JJ11 1.x113( 21 til. 7f,,24f ►1 57.1 7;.
:.2	 11 1.r	 1 40.' l.?^ • 54.1	 ' ti	 _ c► .7-;12457
^•3(.r',1-11 1.	 -, 47,)0=,CC
	 ' til.'::.f+l r•yao 7C4
?.?l`C'l 1.	 :	 ••, ,4•f	 , 1111 7 ',.74^' ►+^.
^.	 31 x '':	 1 42	 `.'1 7 1''1 4t-. 14:'	 14 5.`i''" 713
).41 4(,7141 .^,7,,^41,;9 'i•2745)u
31 •,.•	 i l .	 •I ► 4 : 3ti. 44t,f, n ) .l . v ( • hQ 37 '.:`5':441
).325-1 1.0'+•.47' 4h. 44" 14 1 3o,a11r07V 4.-154`.$24
?. 1 '0 -	 'i 1 .r") "  1, ,4.!,r	 7	 ''.' 17. -31 6 246 4.{ '•_ 1?J
).3 7(,,-2 3 it,	 11f
J.34)	 "1 '..x	 -' r1 22_ 31.41x447 44,5±5+171
: • 34 `
	 l 1 . I''C 11 4' ? +. '+' ti', 3 H 42 • c 5442 4 . 1
	
.
 111
1.3500	 1 1 . i'!2	 7 ; 7	 1144 '4I .46?967 -4.Qh,	 .	 47
)• 3' r, «
 '1 1.1':41 1 a '7.22(-)'A 3( 0'.''.,513^ 3.N 144tii
?.3t?	 '1 l.t' ;17" 1',24 •i072 ►+'11 ?.^h77'1'1 
1 4.R031 c1 ) 27.4t.8^.f,3 3.r,17151
'4 ) i.b C1 1253 2b.?74749 3.191N,-,
1. 3 -1 5	 1 _	 •	 1	 1'	 '	 . 72 a (3 4 34f- 3 ?5. 1 `2 .4 )2 3 .? 1, 4 2 1.,3.3 ►'".	 '1 1.117~'.' ?I.t-L'+H71 24.COce-)53 3.141111
1 . 3 ° `	 °'. 1	 . 1 1 '• 1	 '. 7 1-.11l, 1 7 2 3 . ' 7 4 +1 1, 4 3 . ^ 2 A ? "';
^.3 t
	: 1.:15	 r i^.''1''-15f> 17_.115'1,1 20131'
	 21r;
'	 : 1 1 . 1 17 1	 3 1 1. 0 71 l 4 6 ?.1 .7 )41')?_ 2 ,	 ^2^ 1`
1 1.1 I"4`+ .1hu541) --,0
	
33W421A 2,h9A17+
•"	 ^I 1.1:'1: e1 1 /.^•' F,444 1^.5164!•4 7.1,'+h+^)-
• :	 I i 0 1 '".	 C'.' 1 ^^. (^?4 ;& 11. 734161 2.	 .	 377=
1.1?4'F 1 - n'141 44 1769P9Q75 2.411542
•`^,	 I 1.1?('	 + 1 +.1; o 5."i 17.2141181 2.	 733S(
. X75-	 1 l .l?	 1u : 1:..716491 1Ao60b-179 2.? 3P 721-
J0 1+ 3l)C.	 It 14.173211 15.Q1;?5213 ?,1^.;^2;'1
0.435"'1 1	 .	 1',,	 r	 t, 13. 1)5H1 1 1 ;i I5, 1 48727 ?.J7 ►'ys.
'1.44( 0')I 1 . 1 1 1c 1 1 s. !)1957."' 1-.76?00,5 ?,r•^ 371 ..
3 . 4 45 011 1 .1357 50585:) 14.2C3k4r'4 1 •Q11 36i
0.45!)07'. 1 . 1 3 7 1 54 12.01 577 1 13.+^ bQK3 1 1 .P'• l	 ' 1 `
3.4 ;1 5C	 1 1.134ti4 1.541`-101 13.159471 1	 .7a47oil,
0.450^ ?1 1. 1 4 1442 l 1.1 `1 ?H5 12.671477 1 .73'211
0.4f- ri^^ 1 1 . 143 ? 5  7 1 J.1.7449") 12.2C47h2 l .bh r r 1N
0.470!') 1 1 . 1 452 ° 9, 10. 2'J6`62 11 .75 a 144 1 .6	 9 15Q
0.475 !)1 1. 147?2-4 n.P?64n7 11.3	 ^506 1.55u55r'
O.4nC0
	 1 1.14'•179 '1. 50,3351 Ir-.0210o? 1.4 y4a1'7
0.415001 1. 1` 1 1 46 y• 146271 10. 52 13692 1 .441228
0.490011 1. 1 "'311 7 q. 9043x4 1G. 1524Q7 1 .?FIQ47G
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SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION
T A&LZ U. SL6 SCN 1 C FLOW, AG I AAA' I C C 45 T AN T- AREA FLOW M I T M FR 1 C T 1 Or
OF A CALORICALLY PERFECT GAS (PRf L I M I NAR Y) , (0014T)
INITIAL 00401 NLJKR IS x.200001
• form , r, 	 NO PROC G 5 5 F INC T 1' X . ^. u1 '-P :)	 f -P& T I ut+ PR U(xJl. T FUNCTION FRICTION FUNC T 1 ON
U.ti^ (	 I 1.1	 ,111, ►+.1,	 ^... 0	 44•,' Iy l	 '	 Isb?
'1	 14 J,	 1 14•1137lt71	 1 1.	 l 	 l	 1. J. `	 '..'^1 9.70~415 t .70y^1r
1 1.	 1	 - 1 7.1 	 , ► •]	 l 0,449760 1. 1 5 77'•0' 
to
	 '	 '	 ,	 , r..1 '^vh C1 1	 .l	 1!,(1x7
I 1.1	 .J33^ h.7"' fto ''ll
	 ^7 l.,	 ^'	 t	 1
I•I	 ?7 F,.	 1, /.+40x7,, 1.:.+'Jl'f'
1.1 71'?^ (..2'7j3^^ 7. 
`'`+hZ3 (	 f, q^
a 1.1 7 1	31 72.,N.7 7.1	 ' 7 1 32 ( .05343`,
ti 1.1	 l'+76^ ',.9"')'144 ti^..w5	 .q (	 .9)a'i7r
5 !.l 7 7 13 ,41, 64717+ 6,( •f''44 Aft 1
151 5. 44h 0 '' 1 f .41' t'.{ . Q h 7'2^
t 1 . l 'l7? 1 5.25406`` c..21 1457
to ti 7 1	 .	 !	 1 49 9A9'435 5.9024CC C .77Up47
^.5 /' I	 .	 l,'<	 ► 	 l	 l 4.71 411 ` ';.f r' •3•, ?3 .7423??
4. ti'>?44 4 2?!72 to 71.• 74
I . 1 0 3i 7 4. 3' s 2'17 '4?.t")31 .o 6ip l /^ c0." 1. 1-+552 4 . 2 1111 2'i ',.t 6d21' c 161175i7
0 * !) l.V,77'+`) 4.r912
	 5 4.L4C047 3 G o f, 176111O. h' 1.	 '	 x 1.71 3.04 4. 71 li r,1) C.til'S67O.6C' l	 .."	 ^	 'c. 1.'11	 X 71 ^•to 1)	 ^^ r •59 r
 3113.61 A,f741 3', ...431-'tq ^.chrCl',
1	 ..'	 7	 14 3.55' i y 7 4 t r.546?17
1.62 1.2 164 21,554 4. 14? 0 7•. r._,7`,144
0.62' 1.21171' 3. 3; , x 32 1 4,C07`+35 ( .5'1470+
v•', 1 I .:' 14r v 7 3. 1 4 2234 1 t 875f.4P .4 45234
1.21 f 47', 3.C91111• 3. 7 4 Q J'ati x.4-1,615•+
'x.6 4 1.21r--. t5 2,073904 1.6 24cl5 c .447511
7.54 1 .1112 0 ? ?. f47c l 57 3. 5'53 0 1 " .41°'46',0 * 65( l CJO 1.'.'3727 ?.77CO2-^ 3.39^f 755 0.4127043.655^00 1.22!,170 2. f•7A267 3.777935 r.3960,Af
^.b6lncli I .2 7u f 40 2. c, 7 0 7(,0 "3.16457~ C . 370057
.6t5C3 : 1 . ?11 1 -1' 2.4!703!,7 3. x64713 (.3!,105•'
,.670C to ?336?1 7.4C 1'1 74 2.963124 C .14F 765
0'6 1. 23f131 ?.01 -46 7 2..Rf,46Q7 6`.33426$3).10104`76 1.23Af•f.l 1.235735 2.76^317 0.311")21
1 .241''J o', 11,6#172 2. C,7647? 1, .316 114.
I.2-37 1,4 ?.G11ul81 2.587264 ^.7o^15r
.6 c,Fi J ;, 1.246142 2.6'66163 2.5CC,363 0.280437
.7C^!'OC 1 .2".h` 4^ 1. 914529 2.416110 ; .26P 1 6 1
• 70511 :1C 1 . ?51 c a 1 to P6518 1, 2.334374 P.25646`+
0.713 1.2541 th 71 .	 91105+9 2. r-1..)0)P3 C .24516C
0.715C 0,'
%j
1 . 256,11 $3 1 . 733')6? 2. 178141 0 .2 342 36
0. 7 27,00^ 1.25140? 1•E 7011.7 2.1(.3463 0.2235100.725	 C 1.26215 1.6C01:)5 2.r"?1U09 r'.2131b7
1	 7' C?!
•	 -'-	 ^ 1 . 26 4 Hrl5 1.55J1CIO 1.960652 6.2.3516
0.735ck)O 1.26756Q 1.492. 8F7 1 . e Q 2337 r.19^c19;'
0.74030 1.27C301 1.437453 1.825997 0.10460C
0.745C3v 1 .273)64 11 1. 393733 1 to 7f, 1555 C •1 7 ,632
3.750000 1.275P08 1.331667 1.699952 C.167?4e
0. 755000 1 .279 5 1' 1 1. 291 1 1+9 1 .0,3813C (, .19 ci 71)2 
0.760C'JG 1.281393 1.2.3?273 1.579025 C•.151)636
0.7c 5x OC 1.244211 1.184839 1.521582 C.142Q76
0.77;000• 1.2$37('49 1.139Pa2 1.465745 0 . 135526
0.77500^ 1.`'80-105 1.044235 1.41)459 G.12F222
0.78OC3J 1.292779
 1.05_097 3 1.158675
 r.12.1290
0.785000 1.295667
_
laoo4oee 1.
_
307338 C.1145<P
0.7 Q 0130
 1 . 298578 ).968209 1.257411 r .100 255
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SPACE DIVISION of NORTH A\1F.RICAN ROCKWELL CORPORATION
TABLE Al. SUBSONIC FLOW, ADIABATIC CONSTANT-AREA FLOW WITH FRICTIQ4
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CLflT)
INITIAL  MACH NUMBER IS 0.200001
l • Cl ~ I
1.41
• 6t
^ • 475 ,
11 • .^ y : ^ J
•
0.91
.	 i
y^
c
?. yr
1 • V;
FRICTION F04CTION
n ^.+r 4-
IL
•' Sr )Hr
4 (J 240
^4551 7
4(, ti 4
t .Q 3F 7111
C A 5
n { l .ti•
• • V
L •l 74`%!l
n • r.»11 i
C •r 1111101
n .' 1 1771
r • r.1 ^, 7 G',
1)'12
77
7 ,`
74h
r: • r r' nh(^Q
54:
212r,
n i nn l 437
• ';^C V
1 . ' 4
{,44;!
CIL '16
1 . i125 t. t
•	 J
1.3x.714
^^ 31 c' r -
I r•
1 . 3	 , ^)'►
1. 14.77'
1.3i4i^
•
1.31-^^±1
1. ' X114.
!.;6471
1•si=^1
l.j'a17?^
1.3' =h.
1.4;, : 1 4-)
1. 4 1^
1 .41Er,a
I.42CC'4',
1 • 4 744; a
1 .4 _. 1 t'
1 .4 j1 1:.1,7
(),?'III ( 4
. triO4e?
. A'.)?2^5
;. a  72Ch
J. 7r 11>•^
1. 1441r^
)• 715174
1 • t.,' 1 '^i 1
1.51t,j^+r)
• 1 4 L, J
.4833r'ri
• 45 i' 4 7
i42 1
• .4 x54 7
..iN67r,1
^ • ^ E^ i 5 f• 1
i41 7.^
1 • i? )4 1 2
+•`(l17'-5
J.?7-4574
) • 24: 4117
^•c'• 455-+
\• 1•i71^')7
. 17-11 17
1`i364r+
1376 1
2J;5
3 04-4
i. 1 1h9N9
. ,1y • ; 421
721r,
444'1
	
l.l•	 44
	
1 .'`2	 7	 14
	
• ,	 3 r^ t4
. •^2r1,^44
77 `'r•rti
•717,4
r.•,17
. 110 1^ 1
^.ti45^2
. `'241f1N
1 . [• 44 -) •4 7
. 4 6 t)
_.4311210
!1 ^ 3p4^41
.35F24?
.3 1125
^ • 7 h'j S4h
i 7 111 r,
.?14-,?3
0 1 q l ',4
171,'3
	
• I	 1, 7 7
4.13476(
r.11;'3l1
0.700-144
11.1171~71
c .)3236
:,.:35^19
MACH NO
). a
PROCESS FUNCTION
	
CLASS FUNCTION
	
PRODUCT FUNCTION
INITIAL MACH NUMBER IS 0.300001
^.:. r (, : o ^.n 47.^ar„. X77,-	 1
x.3;5":1 1	 . !4r; 44. R?21^ ' 51.124954 ^.14`)24`
0.? I-^1	 1. 47^	 71 (11 4P.5 "IR34 4 5.r1;,70PC
0.315^ :'1 1.145( 7 + 4", 31,91 :l 46.?25),)1 5.614A0 4
0.3?C'i31 1..' 47 •(77 11	 3466 r',3 43. 5•114: 4v
0 • 325:	 1 1 • 1 49, v? ,x,.4414341 41 . 00 r 4R 7 5 .1	 1	 r•4C't
0.33 151`'46 34.1-o let 16 39•cI'A5)n9 4.174')7`,
1.1', 4: 4 F, 32.')')34h1^ 3=..1,3 ?5 31 4.7741312
0. 44('. ) 1 l . l r)Ic 11 . 4114 1 1 36. 1114094 4 .5 -4179?
0.3450 '1) 1 . 158 0 12 ?').`x35639 34.6'x2749 4.41()223
0.35C,')11 1.1',1264 2-1.';3'1483 33.140717 4.24!•765
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IF	 1
SPACE DIVISION nr NORTH AMERICAN' ROCKWELI- CORPORATION
TABLE Al. SUBSONIC FLOW, AD 1 ABAT I C CONSTANT-AREA FLOW WITH  FRICTION
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL MoNC1i NUWER IS 0.300001
MACH NO PROCESS F UNC T ION CLASS FUNCTION PR(x )UC T FUNC T ION FRICTION FUNCTION
1	 .	 t',^,	 ,	 , 1 1 .	 V,,	 .. "'N
	 '.	 ."') n.	 ? 11 .'	 ,:	 + & 4 4 ^^• :, 4ti 75
u• 3	 (''	 1 1	 .	 1	 '	 + ?5. w 77 1)7 It 3l	 . 10	 P.y7 { •	 r^rlf w
^.lfh'	 ► i 1. 1' !4o'4C31 {47 .7gIo
^. {7^,	 1 1.	 t	 ''	 ^• {•f0„,;3 ?7.7-1 34+ .c,V)-3',
')o 17 " .1	 1 ,,'. (43461 'f . S h75• ,. ) 3.5'4.4,
J.	 { N ,	 , 1	 .17` 1.1,4y+,7> ^A7 j	 ,.;-A
•	 {<	 <	 , 1	 .	 1	 ^.. I. 7,	 19I 7 .7 t4 ^c-
3.3 I C1;.)I 1.	 1 I	 +.fJ10104 41 4 , !3. • `'7"' A 3oI?c 037
'	 0I'j	 k	 .11 14 44E+4 z•	 Itii3:
,al . ^J	 I I 1	 . 1	 '`	 " ! '^• It n^4 a 11.743 iti" ? •`^ ^'^	 • ► ,7
4-- 5.- 	 1 ,	 I	 . 1	 1 .4 r	 t 7r •t
	
13` ,, o 2.Pj,	 `IC 4
•410'_'1 1. 1	 "^ 1-,.t	 .+'4'	 4 1a	 A.r, 1^77 2 ^r, 0•i ^ l^
.
I 1'1i4- 1',•9"41 lug	 i5.< 2.
	
5I^
.4'
	
"''; 1.1	 f:C	 - 15, 1Ai5.	 , l>1. 2•c,17'414
•4L57': i 1 . I nK h I	 , 14. 71 h4' 1 l • b Pn'J1.41
	
t{
0. 4+ 1	 "'i 1..'n1	 jr 14.1 16. 3.31'.(r'
0. 43 ci 0') I I . '	 3 u o 4 t	 t. I-, 1	 31	 5 1t • '2 cti 1 ? ? •24,+1':7
i..4C	 •'1 ► 1.Z3r• ► ,l+ 13.(1	 1`,22 1•). 1. le a l Y5
•445 9," I_	 .'? l
	 1F0'
•4c^ .	 . i 1.?12	 ' i 1	 '.	 1`+7 7 6 2,	 1 7
.4 c `( ,l 1.?14773 11.
	
,47
	 ► ''1 14.0	 1	 1 1. >4',6r<.^
'•44CC _ i 1.217`,2; ?	 I.It'12t: O' 13,,.1'.	 ;f	 7 1 .'	 7t Ki 5
^.4' " , 	 )1 1.??( ? Q '. I ,.6,7 4 LQ 1z.,^^5^';1 l.^l^
	
Fl?
0.47r, ^	 '1 1.?_1,3i_',^ 1,^.?6w:t' 12..r,	 150 1.74	 ;4I
'1	 475_	 1 1. ?1111:0 7c,i.•17 1?. 1	 7')2
-4 1 .` 44,401
J.4hC,'	 ' 1 1 . ?7^ 7 34 ^. S^ 33`o" 11.E 77107 1 .625	 2'
0.40c- _ I 1.2	 ;1 1, -• 1 4 6'71 11.c',43 0I1^
I.4`.,	 i 1.234443 r'."L'g4 I0
	 +l';••'^ l.^l ? -,
.4 .267'`.1 1	 4 76 <-t.7 4c.c,)7y 1.45	 1
1.^'^r ^1 1 .?4(2'+ 7 i.1h3746+ 1(1.124125 1.407342
0. 1.24311) 7 7.1162555 -.774712 t .^5817r
0•`1..	 1 1. '14(,14{ 7.`74751 0.438,,, 7 1 •?1`627
x.51
	 i 1.2441?3 !,?-771 1573r-
 1.'64<u'
.52C,^ ^ 1 1 .7521 `6 ' - '12 A 75 Fi. R-r, 4 1 9 1 .	 1 944 3
.5150" 1 1.2551 3', 7777ro-, u.5^6'346 1 . 1	 r E 12C
1 .53 60 1 1 1 . 25R 1 q 0 . 9331 7'3 ►? • ? 1 4 '4 66' 1 .1 34697
0.5?5:Ji 1.2"A	 3 4 ,,•19q"i32 7.0437'..2 1 ..^LZ47
).5c n r1 ,,^ I	 2 h4 .4 1-4 .C726t 1 7.677R'•', 1 .;15F?u7
12.5456 1. 26743 A ` . t+55N44 7.4? 19 11 1 1 .r1 756c
12.550'^''3 1. 2705-+,) ,. f-A737 7. 1 753?7 P.0a 1'A77
7. 55,0,0 1.273717 `,.44;.`)(^ 6.<'377y6 G.9461 c,c:
0.5tC0	 C 1.?76tE,2 ,•?54;,15 6.70pP71 C	 7^
0.5'.506+' 1.<<''i ^'t '^.:'691,1y 6.49913f, C	 ?1
0.57;,127) !.2'13?''6 =.C34<{' 6.275245 C'.-1474
0.575"'] 1•?nf,547 +.718r'_ 6. C.g16574
^/.`,: -. ;'1^ 1 . 2 H U 1' 1 2 P 7 1 1 C 2 P •79&717
12.5 0 5:) `J 1.2v3Ccl7 39)'-477 5.68L547 C	 757R61
5orn.,;,. 1.2(7,(•41:1 4.231112E 5.405064 0.77010q
0.5ng00 . 1.2ac747 4.i 0 1246 5.317'.'46 :..70311'
1). 15c^11 C, 1.3c=117,1; 1. 0.145319 c.6 77006
0.605030 1 . 3C 640 0 3, ,' 1671 4.07AR07 C .6^ 1 744
0.51L,: )v 1.'A rQQ 04 1.1.791 14 c..P10;0'4 C.^2751^
f).615CC► " I . 31
	
337 A. r, 5:1^)^'7 4.6162-+74 (.603747
0.62('12123 1.31
	
f raR 3.4	 6`3-)4 4.512170 G.Sd('95P
0.625 r 	J 1 .320289 3. 3C 7323 4. 36!,61 9 0.5506:61
0•Si '= -'= 1.323707 3.1022?4 4.2?5852 0.537373
C.6350 c 1.327324 3.C81114 4.OP9636 C,.51hbC0
0.6 4 00,)v 1.33('dP5 2.9738C•4 3.057'0.1	
- 0.49621r
0.645J00 1 .3';44 76 2. P701 57 3.P30154 C.47704t
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SPACE DIVISION of NORTH ANILRICAN ROCK%VELL CORPORATION
TABU Al. SUBSONIC FLOW, ADIABATIC CCNSTANT-AREA DUCT WITH FRICTIOPT
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL t4kc1 N~.R IS 0.300001
MACH NO
I.b,.
0. to
o
0.b-
0.6c ^•
0. 7,
0.1t'
0.73r
J. 7 .1.
0. 74,;
0.74
•77'
. 771,
^.7V_
	 ^/
0.7C`l .)v
7 c -
Pic
i aL^;,
•.^1^1
0. A4'
^;. a E ^C
7;
;.a7r
0. 0 1`,' ^^'=
^c -
).° 3r
n.gjS^^L
PROCESS FUNCTION
1 • ,4',•
1 . i',r,^
i . 31,4 1 14
^;, 7,1 7n
1. ^71F n
1.'1&,71h
1 . 179( 14
1.'	 tic4
1 .	 ^` hn
1.	 nv
1 . 3
1	 7f h
1. !• 	7F cl ^
1.^1' rc,nr
1 . 41'	 1
1 .4 7r 7
1.44(-.: 1, r
1 • 44(,E 71)
1.4 1, (. c 37
!.4h5422
1.454L."i(I
1 . 4b c) .' ':^4
1.47%7?^
1.4';c^y,
1.413; ^4
] .4 ,s7i I 1
1 • !. ,2&.')..
1 .4' 1 7 4+ 1
l . 5C 1] 4 -11
1 • `112 (''•
1.`17''";h
1.^<<C4N
1 .	 7C'41
1. ,'217,
1.5 s7=-1
1.'; 4241'.`,
1 • ti47f 7 1
1 552`-1''
1 .	 35 5F,
1.574 It
1 `791,]
1 11 C., 	 - -•4
1 . 5	 1	 7
1.'x(;21 71
CLASS FUNLT IUN
/. 11	 5
•( 7'	 /•/
•	 •'1367
l•4 r.1 174
?. 41 74r
^•^ ! ci 7^5
1 ^•r,r,7L
1. ' ; 14112 1
1•`'t.tilry
1 . 7 , F r,5 a
1 .717r:^?
. r 7'` 1 1
1 .^	 )1`^5
1 .	 3 74'
1.3^1^
1.2P
I.1n4Ha"
) . 1 ^3n.i?
42^5
1 . ^ `,i,:; 7 ^
1 . i l k 10
.0?Qr:,4
^. ^1 7Z1n5
• 79)1'7,1
. -14 9 1 <?
71^1'"a
•tiN11'"^
`.F?I n?;
•
02 0'-]
.' (,4()1 1
1.1,44 ; ./
`.4:' X 4 2 3
,•4, r^r+ L
• ; Rt.?1 1
1 . 1F,3{.Ytl
1. 141 t4J
.3?'i4i?
). 71 kill
.. 
7`157.:,
.. 
?4i^nc, 7
• 2151'1
.	
ci', a
9.1"371^1
;.1701 37
Pf'.o(A)CT FUNCTION
•	 r
3 • 1'. ti / 1 i
'.^41
[•441 'hi
1. aah^ ?h
7.7^ ?l l3
7.^,l,13h3
7•c 73?71
?. 4 171' n
7.4,-'- 2
t. '24 1 43
?•,'45715
r. 1F,c^•,^ 1,
!	 )57
1.75^r,4?
•1:`1 3 1.{4
1 .n3? ^ ±f,
1.h731^'1
1. 4 !:4 c 'i 4 1
! • 100J49
1	 44645
1.1ti?_714
1 .-bCh7
. :73 ?lc
•77
^ . 73 1. 7 `) 1
ll c h4 717
6?')52
0 • ^,n^7 )a
'.5.r5'?9
F !. 46 )b
Mc]35
t)•4	 =,0
1;.31:07 4"
277L•
+ . 3? 5434
n.29A713
0.27258H
FRICTION FUNCTION
0 ,# " . I I
4 „'0411
(1.471
.•	 •711
0.i?7'
r•^a1 til 4
( • ?A$ r
(..?74,'1
C .? 011J, 16
i .^2 ► '21
, •^I7cf.r
G. ?^77fr
r 0 1'17 124
^.1 4,r ?(
. •17`'x,?p
16 r)	 3
`..`.Ih^ 7^3
0.15? 744
0'•144",11
n •13r,?.^,?
L.12n'3^
2.1?2431
r.114,r.-2c,
r'.lnaA47
C.
.17[ 6 ".0
•' Qt 5r,t,
i'1 5 C ^t-
.07co`-'7
^. !74F,^r,
^6(-"
^, • ;IF, c;1 17
O ' nol ?`t
C •t 9;h(' Ftr
n•1^1^'s7
47Qi,p
t' . '` 4 ^^ 1 u `
0.)4 f,44
C.03-11n1
C	 33r'yl
0 3C k'C-
r, •;)? ^ t h4
C•.,^^c`3^.f
r
C.3jt.4C2
C.3It' 13c'
0	 6-"57
C..`1411P
^. 1122"'1
C 1C X40
C .t` _ 7624
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SPACE DIVISION of NORTH AMERICAN RI,)CK%'ELL CORPORATION
TABLE Al. SUBSONIC FLOW, ADIABATIC CONSTANT-ARIA FLOW WITH FRICTION
OF A CALORICALLY PERFECT CAS ( PRELIMINARY) , ( CON T )
INITIAL MACH Nll'CR IS 0.300001
MACH NO PRIX E S S FUNCTION CLASS  FUNCT1ON PR OOUC .r FUNCTION FRICTION FUNCTION
).9g. •'64 ^ • 1-
	
11,45 ..'4704Z
.JO6 1
r,.oti	 -	 : 1.	 ;	 ",1 i 1.I3 It) 16 . 1?205 1 4 C,.00'g^II	 .
J.9 c1 1	 ••	 1 ,)/ , )H 12	 0 , 5 .Vi 7 004 C.rn4('	 ..
10 1?E" 1.	 .', 1 `, 4 n.10S4;' q 01.1737)1 C ^r n, 31,
(► .9n'- 1.	 i11V1 0.Co?167 ;► .151`•337
(7.97!'^•'^^. 1 , •	 ,7; At 0.(,77g54 1: 74 1,u r ^n, l r,r5
J.97 1`f ,)C I. ^4i^ 78 O.OF 3 n 44 C.I1)5,166 ^.^ n1GQt
► ;: I.6441c'i i.05C4jI r	 31SI C	 621) . yarill ;l ^ 1 •^±^'`?2'` 0,037776 0.r691,4,4 C.00r2^^
C.
	^0C 1. 1,1,1 167 0. (,244'4 7 ('.''4U6oy r..0
1NITI,"L MACH NLMER IS 0.400001
i"• IaF6,4o "••r,
-4.I I5CQ4
1	 . 17•p-i644.3 22_.1. 1 1.. 4^ -A.	 4C
^. 1 . _	 ^. 1 `x.69?%i•r J1 .?4Q1 4 -- 2.t^3Qt-417)
0.41 1 .2 172 : 1 F . ( 1 94139 20.42 7061 ? .93553'1
1.4r
	 1 1 .VAQ in 19. 644 0 1+ -1 2.73511-2
-)04 -) 14 ?51 1 ^. 7 1 5 4Q ) 1A.PI Qt) 7-11 2.63c^,71
3. 4 ' 1.2 lie( 43 14.1237p1 18 2 .r)4n7 17
J.'+ 1.2 )IE 17.x12?n3 2.49Y-)7C
0.4 1. ^ , ';I 1.?	 ^^ 1 '' 13.01952? 16.u641Q2 2.37i 1u4
0.4- 1.l_Q	 I I?.5C5355 1h.24.2P', 2.2.981171 .41,	 )i 1.'' 1 7 71 2.01`+779 15.6510:,5 7 .2r' N406
3^65e1 i 1.54 7 `)41 15.U AH41') 2.131 .a
31r
.10 12 4 5 14.`4F54? 2.^57013
'1.i65C
.h7 14.^2709') I.y8F54?0.47 110%' 1 1.31p^21 13.?h-	 F	 ' 13.531541 1 q I 7621. 1 7 5;'li 1.3'11.93 ri104	 I 13."55263 I .'3512`7
0.4 8 "0 )1 1.3?5	 33 y.5^^33^^ 7 12. ti n0 3 t,7 1 .-	 71 3C
004 u 5C 	 i I .32 1+79'1 '^. 1 4,+771 l7. 1t,?h02 1 . '25151
^.49C
.333797 ?.'34304 11.742'125 1.665333
^.4 n 537i 1. 137773 9.476'167
_
11.34:1227 1 .6^7624
0.5( "^)1 1 .341Htil q. 163?46 IC.	 051441 1	 4").S^,F^ 11 1 . Z45 Q O7 7.862554 10.592101 1 .491+194
I . ' 4 0 -; An 7.574?51 1C.?75155 1 .44E6Q9
1. F 1500 1 1 . 3541 ? I 7.21)771) 0. Q '^ 1 9 84 1 .3Q64 P?7.5200')1 1.35832It 7.032375 n.552?44 1.347	 iC3.5250 ) 1 1. lo24 a6 6. 7777C6 9.2 34599 1 .30( H371). S 30C.1 1 1.36674) '1,93317r, 8.92n157 1 .255P440.575^'11 1.371 C I ?4 6. 298 3 32 8. t, 3 5165 1 .21 2COP0. 54001,, 0 1 . 3 75312 6.072687 6. 7 51 963 1 .16 9 i43
0.545r,Ov 1."3796`2 5.855944 A.G78Q72 1 .12P4240.5500 ^C• 1.394036
 5.647373 7. u i 6168 1 .0890810.5571) 1?: 1 . 39?455 5.4469C'3 7.562741 1 .0'	 ( 706).56000C 1 . 392'100 5. 25416 6, 7, 31 93 Q '4 1:P 1 3 537
0.50503! 1.307372 5.06951 9 7.C824r5 0.0774660.5700 )G 1.4018P0 4. 981935 5. A r,5145 O.o4?Q721.575010 1.4C6492 4.718010 6.635654 6.909?473.5 8 C01C 1.411040 4.55?_449 6. + 2363 8 0.d76'i96
. 595000 1.41 5675 4. 3 Q Z 077 - -' --
_
-F,. 21 902 R O * P4
 5 f '' 16)•5 0 30 ?C 1.4203?4 4.239325 6.021215 0.81472C0.595000 1.425054
 4.0111 ?.46 5..?3n244 0,785035 
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SPACE DWISION of NORTH AMERICAN ROCKWELL CORPORATION
TABLE Al. SUBSONIC FLOW, ADIABATIC CONSTANT-AREA FLOW WITH FRICTI ON
OF A CALORICALLY PERFECT GAS ( PRE L I M I NAR`') , ( CON T )
INITIAL MACH NUMBER AS 0.400001
MACH NO	 PROCESS FUNCTION	 CLASS FU(& T ION	 PRODUCT FUNCTION	 FRICTION F ..,C r 1 N
^•^11 1.[•3	 On i•c	 ,11,1 ^^^?i..	 ' j^ ^,^^ ^„ "2
1 • x. 1 	, -,` )	 ..+,.^ 1 •, i {. 4 6'»4
)•Si„ 4 )17 44 4.	 7 ^•1'^?`'`^`1
^..?, 1. 4/, 41 	 1 6, 3.v'1114 4.6, 1)1 6 7 i . 5 714 	 4
'J•a4	 ,• 1	 . A., ^ q )"'[ ?. 47A9: [. 4.3 6'11'A'1 745'A
^.ti[•^ 1.4?4 ^ I ? ?.H1"'l5l 4,1315Jb _.54401,2"► ,
1. x•714(1 4 '.17,x.)7, .	 1.'11 '.ti 15[•11
•	 'i ;` 1	 --"h 7 1 ' • r ) 71 144
J.660". ,', 1.4 {') 0, 12 L•117 a7 '+3+,15 ;r75447
1  1.4'1'4?13 441)Ah7 3.7;'1?) •456J4`^)^^7.^y 1.	 +', s ^0 )•4)1 ^ 7 + 3.1,u.?n) i1^4171)
'S iri,ll_ 1	 c,., 2 1, 2.-4174	 7 ?.4tiPjo,1 ,	 42•.1;4
1.511'(-1 '.2357;y 1^zlg".)-3 .4".?1ti'A
3. 7' 1.51x' •13 '. 156',7' z..^ ► 1311 .z	 ,^	 ,;
4Q .Ch 4'
,,,- rz '.()(•<,lh^ 3.rr5",i 411
).7 ' '.	 ,.l' 1.`' ,ZI 1•"34: r	 -210,.14
70S... 1.53C2li5 1. ^6 y 1a J 2.ti7C.c, ^7 n.325'	 .l
1. 71a 8,15') ?7771;.. 0.1111?t
1.'3 • ) r,? J.-7444 ( .2a751^7
I.(-1"ll7 ?.•:"'35	 4 C.[%44?4
'.7; 1.	 ^' i 7 % , 1.(-'''^1"i 7.141 "• ,J 71 ,44
1.591 7.4311?1
•	 i	 , ^. 1 . = 7	 2 13 1 . 4 n ? 3 3 1 2 . 350? l l ' .? 47 7 14
..	 ^•'	 .. 1.	 .,_	 h 1.4374`•,3 2 77( 1 0 , ^.Z 'h1	 7
1.3 4 '134 7. 1':5 1A 0 :.2?`.^")C
1 .`' j2	 11 1. 331 [1 F,7 ?.1 216 1)4 ''..214`44
1.v	 u	 () 6i 1.?411"9 ?•'4'4741) •2^'-17q
1.<,.•4Qr, l.[32Z73 1•-777;) ''.1^='171
11 25 r, I	 1	 13 1 1	 9.1 r6
_^ .1 84 ,44
1.E 17 1 	 - I 1 . 1 -1 944? 1 . 1 4?115 r •174?f)P
7? ^•^'4'	 4 1.	 1 4 73 1.477': 33 C 	 ?6
• ^^ 1. , z 'S14 1..	 ^•"	 li 1.. 71 3t ?6 G.lrhg01
,47,'56 1	 71	 14 S1-4
	
13 .14Q3?4
1 .7' • ).f'4-4i /1 7 .^•qt)	 2"7 1•k 11 1 c^1,C, L. •1 	 ` 4??
00 71- 1 .	 7'?3 Q2t'an'+ )'A2??5 2
0. 9( ^^r 1 .	 1,7( 35 p
	
u ; 1.4 1'+ S h;' C.1 251 47
J. •3Lti'. 1.'	 -,3P21 .a5's?Qi 1.1-1'473) x'.11°
	
4F
0. 11 1 ? !.	 'r 0,66 1•A1'70^, 1. i6 r 277 0'.111170
. , .77 ;04 0. 78?1 7 !	 31 ?1 7 U C .1')45h(
h 14 5( 2 C•. 7431 ►+2 1 . 26 .335 11 C .DrJk 123
0.A250)•, l.t•1)1
	 r- : 1+ -.71517-) 1.2C'g710 0,791Q44
0.930'' 7C 1 . r,q '+7? ) ). oP 313 1)
 1 . 1 <,C4 1,1 u.'J861 0 1
0.935'' 1. 7^ 5 01 ).65?e:37 1.1124')1 -0[.
O.c'[Cr^, C 1.71{149 621 8 24 1.0Fs5? 94 ^.p74Q6r^
0.845)")J 1 . 721. 4 62 0	 5 1 24 « ') 1 . C 1 8 371 ^' X060740
0.95':J, 1.727855 1. 564')) 1 C.174;,3`r 0	 3 64g71
1.735"05 0'.536356 0.0307'+1 0.'0602)5
0.3E^r'^;_, 1. 7421)59 n.50'g4V,'? 0.-e7gti9 0	 ')55h53
o. 1 039 )11 1 . 75u461 0.493309 C . R 46154 C'.u51 304(;•'4 710^0 1.7531 -A4 ).454047 C •ri0530P 0.047236
3.-37501v 1.755Eg2 0.4;3423 C.76541Q .04"242
0.e p ^^):. 1,.773774 i.4. 1 5112 n .7?'+'A 43 C.azg44k
0.9850`x ^ 1. 7H 1 6 1-2 0.396261 0.6H817q 0.035g5q
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SPACE DIVISIOti of NORTH AMERICA.'`' ROCKWELL CORPORATION
TABLE Al. SUBSONIC FLOW, AD1AMATIC CONSTANT-AREA FLOW WITH FRICTION
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
•	 INITIAL MACH W^-W R IS 0.400001
MACH NO	 PROCESS FUNCTION	 CLASS FUNCTION	 PR0(x10T FUNCTION
	 FRICTION FUNCTION
•	 11 1.7F^u117 J•3(,i
.Oi?721
j^ 1 • 7977)7 7. 141 74 '1 14 A) L	 10' , 72
^- !•11t-r)	 Afl 1.3?^=2) ,,7^	 ,., C.' ?th44
. 1.014011 ).294r('i .54-1^	 f3 r,.'?im4l
!.-4 27''574 L.^71?1 4
J .
	 11 1	 .	 '+ 26' .',) 1 1 C •'1 I A 7136
0. -1 ' !. 3 1'+' n 3 24 . , . I n 7 0,4.17')5 0 •01 0-1)4r
0 P'471Hti ,. ?2'51 '1 ^.41 11 •19 0,r 144C 7
1)	 3 i ,n r,a559 '.?0455 n, 47.775 •O1?4c'5
J.1 s• . - I.	 ' - ? C• 9 IH71'4 0. 34')('	 t Ch51
l,n7415 a 1.17	 1	 11 C.1lgn,,4
^.	 ) 4 	 . 1 .	 ' ^'i7 1.15	 ,^..^ f	 ^Q .13 .^' 74?1
J.`^5' I.°'1211ti 0.117ti1h tt•)^,'^^95 f-.^ ;t( F•
':.	 ^5^• 1 .^" .' y5l J. 12?,)	 5 ^,? ^ I .,C C.0 1)4 1124
O. y E	 ?": 1.^'1:4^9 : ► .1011+lF11 J..>„4711 `.0:1372'
l. n l^ p 0 ?1,,7 G.1	 2756
1,47.,	 •. 1,•,2,2'A4 l•077it5`, .l5	 ^'	 ? C	 ^'!19 6h•
r	 y7c.0) 1	 1•', 76? 1.061` -4 ^J. 1 2 i'^71 C	 .;' : 12')5
u• -) a , - i	 e%k" 1 5 ^421 ,;	 ^^^2i1 l.i ^,1734
O. a n` 1 1 0 1- U 37275 J. ' 7?'I "a•) C •0","3GI
1•411 1, ^F 747 ,(,24[. 4 7 (,
	
l')Q U•r
INITIAL WCH NUMMER IS 0.500001
C. '•^ 3.16324, •1.0 1.7^Q 1 42
1 . 472 r'7 ? 7. P 62554 11.574137 1 .6 3l	 7 'r
0.5. 1,477e6?
 7.57.251 11 . 1 11 37 ,"• 0 I .^ I
	 +":
0.51` 1.48324^ 7.297710 1'1.°24257 1 .` D?R07
0.521- 	; 1.4	 4 ? 75 x.01?375 1(`.47314'.1 1.510`12
0.525 , 1 .4,4btir* .,, 7777,-h 10.1716nC' 1 .45QQ4^,
0.53C^JI 1. `' , 755 ,.53'1'.3 9.°147(*,2 1 . 4 ^')S' 2
'0.535. -)1 1 • Wjtt513 .gn312 Q,4F 4	 1 7 1 .",141
x.54(,^	 C 1. X 12 )L"'I 3720•P7 9. 1 84996 1 .3147711
^. 5 '•%	 ,' M4 5. 655k44 '1.PQ1571 L.2Fy4k?
3.Y-00)1- 1 •57 4 `2? 5.647373 14.606977 1.7? F171:,
0. 55 ` ' 1 J0 1 .
	 1 L F 40 'i. 446901 K . 3 30, 7 ^ 5 1 . 1 9 -2 R Ri
0.
.2`.4165 r?.; 73466 1 . 1 4? 314
9 . 5: F,"`: 1 . 54;' 6 5 . 0• • 9 51 -1 7. Q 17 g o 9 1 .1 C'A i a4
0.57 2 1. 5401 ^ -1 : • 88(41435 7. ^ 75(', 44 1 .0649P2
3.5753 1)3 1.555412 4. 7 1 a ''11 7.3? q 450 1.02769^
0.51?JC, )J 1. 551 741 4. 9 524 4 H 7.104778 O.Q41 •i75
0. 5P5m% 1. 5681 79 4. 3 7 24 7 7 h. Pe8974 C .OS6606
0.5°000 1.574)51 4.23Q125 6.67546c G.923C37J•7` 5,,)^ 1.541212 4.Ua1246 5.46')127 1 .91C 165
G.6(,IO:, : 1.947777 1. Q4tio r, h.?/,Q146 r`.85R318).60500c I . 5-)4476 3. 810971 6.( 76 .341 0.P?7512
0.51 c0l),, I .6 ("i 1 2? 3, f_7 91  -49 5.889516 0.797022 
0.515^ • )G i . 0 17 -+ 78 3. 550:. 0 7 5.708476 G .76FQO('
7.6200-)% 1 .0 14863 3.426554 5.533416 C .74L, 791
O.b25^ 1 C 1.' 71RC2 3.307323 5.363825 0.713547
0.6300^0 1.6267)4 3.1922?4 5.104491 0.687374
3.535 0 '); 1.635P44 1. (`Rl114 5.040222- 0.661P09;
0.5 4 0^ :1 3 1.64?c)87 ?.473904 4.685922 0.636543
3.6451?');) 1 .65% 188 2.870157 4.736300 G .61 2`166
A.-11
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ySPACE, DIVISION or NORTH ARiE.RICAti ROCKWELL CORPORATION
TABLE Al. SUBSON I C FLOW. #4)1 ABAT I C C P6TANT-AREA FLOW W 1 TH FRICTI ON
Of A Q: )R 1 CALL Y PERFECT GAS (PRELIMINARY),  ( CON T )
I N r' I Al. Mr101 NLIf't£ R IS 0.500001
MO►CH NO	 PROCESS rUNC T I ON	 CLASS FUNCTION	 PRODUCT FUNC T 1 ON	 FRICTION FUNCTION
1.h"7402 77C 02 4.~	 111,1 C.`'	 1_
. ti ► ^,. 	 ^ l . A-' , 414 41 '.673267 4.1.9,^5t.3 C 9 5c	 7'	 11
1.67?226 ).570769 4.'1If)40 C•r)441h7
J.t•h4 ` 1. 1.679744 2.48QI67 4. 1814 1 9 10
).67^ ^" 1.hA7A-4 '.4CI174 4•C^c 74 11 ^^•5:;,
	
of.l
1.~94 0 71 2.317461 I.92A:,0 (`.447h1,4
O.h a C 1^.• 1.7t^2f^c► 7 2.135735 3.906751 C.461 rl40
0. SNrr i_ 1. 7 It , 1) 2. 1 5 	7 n-I)''1 ('.444L 4 I
J•ti Q CC V 1. 11F41' 1 2.('114-101 C.4261'-)l
7.6 0 401 1.7	 35 C06163 1.4h'4314 .^.^^f571
0. 7(' n ^ ^ ; 1 . 7 144 1 1 1 . 44457') 3. 15'71? C' . "'41 h47
1, 7c f-I n i: 1 . 741550 1 . 46914 14
 3. ?C', 1 $ ^4 70
).71C r v:, 1.7 ^^ 7 hf ► 1. 7Q 8 - 159 '. .35x517
0. 71 1. 7590 46 1 . 7 -4 336? 3.	 4 hh04 r .344746
0.720 0„ 1 . 76 74h(, I . 67011 7 2.	 IN
	 ►t h y u .320776
J. 7250 ;; 1 .77c;"4? 1 . bra155 ? . '15770)4 (:.114707
J.7?C; ),' 1.7;34~(1? 1.55)101 7. 760k144 C.1 )1671
0. 7 1 9JJU 1 . 7 	 1 1 H1 1 .4'» if 7 1.6T?Jl7 r,e, 47477
0. 74 J0)^ 1.t'	 1 U "17 1.4^74i3 2.510?45 ('.274121
0.74F0 1. 4 10 7Q 4 1 . 163733 7.'+'_15654 C.201.1FaI,
-J. 750^ , 1. A l y 7?2 1 . 331'+67 7.423270, C •249(.-47
0.7 5 5J'? L.42r.7A7 I	 2 p 119 Q 2.343r-4C 0.? X7756
0.76	 X, 1.937x1? 1.232-373 2.264x'0 0.7':I'74
0. 7650?13 1 . w4 f 17P 1 . 1 ?4(134 ? • 1 P96 )7 0.21 4720
ri• 7 7c n Ov 1 . 4 565 1 7 1. 13R R 42 .1 1427P 0.204114
0. 77500) 1 .' S5 c+5r, 1.('742.35 ' . x'41 745 0 . 1 0 350(1
0.7PCf 0-3 1	 754	 3 1 .CtiC' X73 1	 e)7 194? l	 5!!
0.7r5k 1.485157 I.00g01?4 16`)n?139 (.i''7 Z?
0. o r,
	 JC 1 . A'^4 0 4A 1. 9682')9 I . N 34875 C'i . 1 1 4583
0. q 5 1) ) 4 .'4 1.904 n 2 0.4289(14 I . 7 69204 .1 `,57()2
V	 Q C ^0' ; 1 ." 1 4 1'24 0. h904H2 1 . 705115 .1 460r4c.
0 1 .'24435 -).n53?14F 1 .642539 .l 38741
0. %ICC`03 1.035160 0.8172:'6 1.5ri1474 . 13C782
0. a 15C^ 1 .045 401 ). 7421 7 ) 1 . 52 1720 C . I 73 l 14
1 . 0 55 0 32 0. 74111 92 1 .4b 3147 ().1  1 5640
1 . 0 66575 i. 7151 77 1 .406417 C.1	 'P4 7C
0.i -I	 ; I.c771j) 0.6A3131 1..35('7e9 (.1"1776
0.335r)^,. 1 .QR8( 54 0.65201; 1.7')6274 C.0rJ515v
O. P40,V) 0 ! . 9'ao C 1 F 9. b?l 9?9 1.243043
 0	 C.4S64V
0.9450";, 1.01r- 12 7 0.5974Ql 1 . 1 0 0947 C.r82603
0.950004 1.021346 J.564O17 1.140072 0.077010
^,.8 1; 5U') J 2.0 -32c 0 6 n. 53(,356 1 .^ Q Q748 n.0 71 438
r1. 86 0; 0 0 2.04420 3 0. 50 0 490 1 . U41 5:.)1 U .06tI I rl1
0.8650^G 2.055x47 n.483?95 0.993787 C .(6(097
0. 1370GO0 ?. rr,7609 0.45QC'47- 0.947062 G.0 56249
J. 9756CO 2.07Q556 0.43 3423 1).''•' 13 2 8
 C .L-5 15 15
'?.9P_000v 7.091677 O•405502 C. 956525 0.247GI+3
0.8 N 50cG ?.1r3P"58 0.386261 0.812642 0.042077
r. AQOODO ?.116214 0.363691 0.760626 L1.030103
0.995ri , 1. 125754 0,34174 0 0.727493 r •0	 53?4
0.9000)0 ?.141436
_
0.320422 0.686162
	 -^- -	 0.4319(1
C .4G5C00 2.154279 0.2997(`5 0.645648 0.02A578 
0.91000( 2. 167327 1.279574 0.605g26 C.^25455
0.41500 .2 2. 1 ,30489 0.260010 0.5669461 0.02?575
2000C 2.1'43&47 0.240997 0.528710 C.c,11886
0.925COC 2.207400 0.222514
 0. 4_911 A b C.017-441
0	 - 30GJC 2. 271 1 C 9 O. 204559 0.454347
_ _
0 .01 5055
0.935CGG 7.2340	 9 ).187103 0.418174 0.;;12846
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SPACE DIVISION of NORTH AMERICAN ROCKWELL CORPORATION
TA,SLE Al. SMSONIC FLAW, ADIABATIC CONSTANT-AREA FLOW WITH FRICTION
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL h1ACH NUMBER IS 0.500001
MACH NO
1. '1 4, I
% a7
(x.,17•
PROCLSS FUNCTION CLASS FUNCTION PRODUCT FUNCTION FRICTION FUNCTION
2.24^ r (; )•	 171-1'A 1 0a_'926!:9 'i.,	 1(	 -'I,-
? . ?h 4 42 / 1. 1 "3f,4 t, 041 !4775k'I k.,.	 '	 ^	 j 7
2.2777 7 4 ^. 131-,1-, 1-. 31 145E :.	 X144
2.9 ^1 24 4 1 )• 122 .13 r.2797-,,'A r •,	 i5pr•a
? • ; '. " 7I C r 0. 10 6` 1, (. 2 466!6 L..	 ,4^ ll
203?1.18 4 0.(")?I^,1 ^.214"45 ^'.	 `-4346,
2. 3 371 . 04 q•r 77 .15 3, 0.1911015 i .:.•l ?^ ^;
2.	 Q4 i•C'jJ944 0.1s 1i4f 7 ."!?5Ir
7. -A oh774 ^x•05.7421 C•11()4 i6 l..'	 (.415
2.3-4 47^1 0.. 1777 r r•0..46a
INITIAL  MACH NUMBER IS 0.600000
1. 71
72'
0.72`
^. 730
).7 s5, i
^.74CJ'
0.745M
0.75^1?C
0.7s^0r1^.
0. 76CC1''
0.765 1^
0.77CO00. 7 7 r, '1O ,-,
0.78001C
0. 7t; 50 1;,
^J.7^1000^
C. 795001
0.8000(10
r^•'' 3.44-4' 0•C ,1,9o()f,-43
1	 7`	 f. •	.. (.810'	 ,	 , ',.540 , )7 x.963517
1 . `	 t a 3. t) 6	 644 1- i . 1 24 h 4Q
I.^1`^	 1 3. 5 ` ^.445524 ^.9v 1P4 
3., 4? V-, 6.2545 .p5n11a
1	 C•5^ '3.3x''323 C''01 .2 v	 b	 ^325
'.	 *4 837 1.112234 .0 71WQ5
3.091114 x.715205 0.77(. 117
1 .-r,4?VQ 2.073 &^45p10 C.7421W,i	
...71U^,c 2.37,j157 ` . 4-41474 f .715^7^
?.7731',25 5.2227('1 G.6+^ ' • 11	 .c^p51 2. 6712(7 !;.!:6111` f, ^f,aZrr	 -1
43? ?.578760 4. 1 1 h?<.4 " •t, 376F7
1 . x 1 7116 2.48gl( 7 4.77?4 ^5 ^,61??71
?706) 2.401474 4•f•, ir,11; C.503 i527
1 •` 4 3, 1)1 7 "'• 31 7467 4.4 4 317 6 C •5557 ?21.Q4o1JQ 'A 2.215733 4.-A5Q67a C.5441	 o7
.`' 0-11'4 4 2.15'_672 4. 22.955v ^.^225Cx'
1. C, 7 2E0 2•C931:1 4.101374 7,1. R4C56 2.1106163 3.SRu337 0.431771
1 .°"5725 1• 0 34529 1• -4607? 7 C •452 104
2•	 '.)7 L.47 1. ^'o518'4 3.744267 0.4434f,7
4 1.70 SC 54 3.631102 C.4
	
5297
2.	 31463 1.733061 3.52C65r ' ,4	 766.4
2.'4-4 754 1.x 7 011 7 3.-•1?;16 x,.39; 312
2.:1 1/.1 11 5 1 •609155 3.30Q7i6 ^.37351'2.	 P,723 1.55G1 3.2')67)7 0•'15771
' •-'^141, g 1.4929e7 :.1471-J+! !`	 941
2.	 4371 1 .437453 3.01056C n.3	 655
2.10 74 3 1 1.3P3733 2.1-L6131 Go3llaV,
2. 12 C'61 7
 1 . 331 ,567 2. 92 4`4 7 ^ 12Q79 ?JS
2. 133 Q4 I.2A11§9 2.734013 •2.33A30
2. 147644
 1 .212273 2.646483 0.27( 115
2.161338 1.184831 2.560936 1.2 571612.17533 7 1.13594? 2.477154 ^.7447x14
2.lb l) 456 1•C94235 11395760 0,2 37189
2.20;770 1.050473 2.316102 C. .22
	 iC
2. 21832 9 1. OJ90I1 2 .2:93 1,) 0 .?')QC41
2. 2 33 ^q4 0.g6829') 2. 162302_ 0.1 4'2762.248003 0.928AC4 2.087454 C.13'8C02.26 3164 0. 890482 2.01 5"31 1 0 .1 775? 1
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SPACE DIVISION or NORTH AWRICAN ROCKWELL CORPORATION
TAE'LE Al. SUB^C
 N 1 C FLOW, AD I ABAT 1 C CONSTANT -AREA FLOW WITH  FR1CT1ON
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL  MACH PNLMM R IS 0.600000
MACH NO
	
PROCESS FUNCTION	 CLASS FUNCTION	 PRODUCT FUNCTION
	 FRICTION FUNCTION
0.11,,, ^; 5 .7 ►kll7 4. ► ••	 in7^5
.I 414,,
n	 -i? 7 • 74 .4104 1 • /4 ('X71 • 1 4- 151
r` • ^?5 ?.	 ,h ^1 =,17^ 1 .^ 751 it G.1 t1 ^, ti
'.93c.' ^•	 ,	 7 i•. . ^a11 i 1.	 l l s7 ' . 1 234»
00 41 .0ri?.-132 1.54.1•»7 r.l1rg18
.1.4 40'0"0 I. '	 Sti^ net-21A ?-ti 1 .4P77S5 •l')^ l^,t,
3.945C1C ^.,,,	 al y 1.,074 , 1 l.4? 7 .1 11 C.I
^..3`u^ 1 ' ^•^.	 j „14 1.369 ; )n i- . "'^
5	 ,0.3	 5J ). .. . r 13 Q .535-47 , 1. 1114 0S4 ,1,.,
0.•36('r:'1' ?..^•	 , '2toA r% 004 1.?51,,^.^5 ^•,.,1	 ..:
O. N t,^ _ ,. 2.^• ^1 ,`4 7 043 4 01 i 1 . 1 14 5 7 1 ro	 74	 14.
304 7JJ00 '. `, '' l Ah J• 45A041 1 . 145''3 )h-; t ll
0.a 750''". 11 .^,•43142 1 .^91-44.1 ^
	 4. 't
0.8QOr,,:,; ?• `i 1 '	 444 •4U'15(..' 1 •-, " '1 -07 s ^	 .;^5r'
0•d Q 5OC;, .'.557n f J.'Nh2bl C.90iA010., r'..r-4a^^5
0. gal'C1C 2. ri 777? 7 1..363'+91 (1. 1 174.,7 r; .^4P 149
0.9^i5(`^ • 2.497'142 1. 4 41 741 )0 A97 X 27. V,t%4AP0.'
0.9n0Ul ►, 2 •'•14 3 0 6 3.'2')4)? C0A3'R	 1 J•: jrStia
0• )0-501:1 3
-j•619234 1997':", )07qh^^? C•n"4P ►'1. 14 1: 0^C 2.	 47 4 ).2795 14 ^1. 741 1i ti ( .^ 31 titi5
0.915C01^ 2..1,'11	 7) 00 ?•10110 ^0	 73 .4 06 c;7eI t7
0.9?000C 7.7ro?7yi, 0.?40')97 ".6rIA,'4 C-.r 74 ,4r&
0119" 5on: 2.72h( 7:1 10?211c-14 000- ('(•t,( C U •r717b2
00(4 115:,CC ?•74W74'i )•2r4«,a 0.1)tj2/714 0.:;1wg34
0.435C r : ?.771°11 J.Ie'?103 4 J•,1t
	
^•)^
0. n 4G0' 1 3 ? • 719? 1 8 10 17r% 1 17 0. 4 755 11 l	 1 3	 74.
0 0 ?•^1'1 "E u 1. 153t c4 6 r• 4331? 1 (' •C 1 1271,
(). 2•r,4333ti '1.117,1,1,1, u•1 ')12N0 0	 n r92 4c-
0. 95500: 2 • Q 6 H " 0 3 0. 122"5 0015098 0.(. r 7 ?6q,
0. 4f,n	 Oc 2•H'1;; 'i1 • 1!`f4 ­ 4 Q7(O F..	 ^	 7	 rf r.	 cO.0	 5t,v .
x . 96 5000 2 .	 1 F q 04 . ( g 2 I ', 7 ^^ . 16997 3 C.	 0 4? 3r,
0.9700; 0 ?• ^447^•^^ ;i. r,77 ti, S 0.7?1417Q C • ^ n .3: jr
0.975", ?.`1i1"401 ').C6304'- 0. jar )10 0.01.2`(`2
0.99 :O:'C^ 2. 9vc'S 74 1. 05(: '•' 1 ^. 1 5 1 1'1 2 0.U:.1 11A
0. 9 Q s 	 3G 1 •0?t. 12 6 :).0!37? 7 S 0. 1 1 2'1^C C'.r") C  46ti
o.95^ B OG 3.r542f,6 J	 24 1- 9 7 n.C749?b C.0
INITIAL MACH NUMWR IS 0.700000
0.70 n ^hv 0.0 1.4345; 0.0
	
-
-n .FF333..
0.705000 2.360 1J6 1 . 3651 99 4.4(,2043 0.542-)25
0.71CC0^^ ).1104?n 1.74805a 4.2RC153 0.514777(?.7 1 50000 2.307 . 52 1.713002 4. 1 55778 U .4979gG
0. 72OCGC 2. 41',1 67 1 .67011 7 .0352a2 0.4 7747P
0.725000 2.434964 1.609155 s.g19234 i .4s7597
0.7 1 0000 ;'.453084 1 . 5501 C1 1.403477 r,.4 1 S P 7 1
0.735011 2.472947 1.472887 3.691fi 32 0.42015^
0.740000 2.49259? 1.437453 3.5R2a94 0.401973
0.745040 2.512562 1.383733 3.476714 ('.3°4322
0.750000 2.532543 1.331667 3.372503 0.367724
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SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION
TABLE Al. SUBSON IC FLOW, AD l ABAT I C WNSTANT-AREA FLOW WI TH FRICT ION
OF A CALORICALLY PERFECT CAS (PRELIMINARY), (CCNT)
INITIAL Mr401 NLMX R IS 0.700610
i.` 41 1 Q2 1.1911' 3.? ► 1144 U•W 364
^ •
	
1• ►i ; , s 74 1 hn I . 2 422 7 4 1.1 72 11 79 (), 4 44 545
x.70, ?•` J& ? 75 I.I4 4 h?d 1.C.740-31 0.'1- 4(,9O ,7 1C 2.	 1x,774 1.144A42 2, ti p r^,i , Ci01^1706
.) 1 7 7rl r 1' 2.b4AAF5 1.)^42'^ ?.Ai7`/A 7
C,•7t; ?^a^,	 I'll; 1.151'-71 2 74;,,	 ui
0. 7,i 331039 J•7`77n: "•?,)( 01^.
097` 3 . _ ?.7 ?b 7 1^ ,,cf a; 04 7.6:'3^'1N ^.2:73H1
C• 7^^C L• 7 43246 '. 4288 J4 1.5?5y^,? !' • T' R 1'
2. 7 541 1u ,. AJ •)4N^ 2,45?5 h4 ^ 	 !4• 	 ^.l• 7 7-tI J. 1512",, 2.'77113 .21f III
2• do .11Q2^ c
?•N: ° c'l y 0.1
	
1•1139
J. .'.^+^4204 74-	 P2 ?.154'•"1 r,,l i72ss,
O.d. 2•	 6'? p 7 1.715179 2 C'.1h67514
0.9 ' 2.')''7224 ;.603139 1 .^Q, "17 ^.1 S ^+ Q 45
3 0 4 '.034445 .FS?03? 1 . 0 1 41,1 1 .147177
0.34... 1.4btf 72 .C21P74 1.°41° `„ v.1 4762"
0	 1450 J;, 7	 C (4 '76 j. -,42 4c)
 4 1 . 7 7 1'_' C .l lN c 75
0.35Cr .^^^^^	 .4 0cf4,	 17 1.	 17 t'.17.,25i
0. 9r, f- ?•l•^' c? 7 0.	 A s 6 1,	 c, 00111P95
G•4S r.	JC 3.,	 70,+64 05Cia40 101;na-,47 ^.1 `1E 12
0.°c5^1:, 1.1
	 2 1.5r^,?	 9
..('yFlt,?
3 30 J47 ).41x14•)1 ^,!1?cnnc
O o 72if+`1 x,433423 1.374n34 C 0	 176?
1), p t" 1. j	 47'3.1 ^,4^^5C2 1. 41?146 C.C74v?4
.1. 3. •3%x•,2(,1 1.2`,''73, ^,CtiAx,,)2
3 0
. C .n'^27C':
^,	 ..r	 j'4 ^, 14i ^ 4 ) 1. ! s^^l,l C,.-IS t, 	 17
J.9c	 ). {. '41 1 r3 r, 3?• 4.-2 1 .	 t 0.^51	 1C
0. 4 05 3. 'i780 ' 1 5 1Q')7(15 1 •	 1'4 Q C •f 46 (1Q
3.91 r 4.415177 0.279574 f,9r,4792 C•C4 1407
0. 0 1 ,;,^, 4	 ,,57 f5,, :10260110 -,k.)7776 ri,c -46H47
C. °20 f :: 1.4'11 ` 51 ) • 249 00 7 O. P4 1'•52 0.6 32575
!.^25^?' '.5i117 •2?2r,1d •71c;7c1 C.; 2P5i2
7•'^^.	 '1`, ^.	 710,1
.?3455 f .73V^,^^8 ^.^^4N4^
3.935 :. z. h i 41 a ? 0. 1 0 7103 c .576036 0.0 212 R 
I..)4 3.	 413 o. 1731 37 C .F21'^ 33 C.f) 17n')2
3•q4`	 ^^ '.0 	 c `» 'J. 1536 4 6 C.S;;a+35 C.C14Q77
0. 14 '.. 7431.4 4 J. 1 1761 ti 01515158 f`.012zno1).055",1" 3.7ao(,41 S 0.462?06 O.G:,gR33
0. of C O''J 3.8 0' R01 0. lf'6'1 H ) r'. 4 1  t`3Ci 7 0 .n"",21
3.`!337 0 5 n.r.021f,7 6.357457 G•CO5F7P
?.932 u r,? 0.0771356 60 C,	 004r7'
0.1750:l;j n, 63 U 44 ri.?5472(1 c^,r)i 2h ^7
0.9P3;,^C 4.1351") 1.050421 0.203456 ('•'`(`1517
31985000 4.)9F19- 0.017275 0.152390 U.C,or.63r,
G.9 Q C01C 4.142732 1.324447 1. 101 494 C •C
INiTIIAL MkM MILER IS 0.800000
6.800000 0.0 ).790472 0.0 0 *2Pc9F4
0,.905C0 ^ 3. 5314 ,0 10 0.8532Q9 3.013411 0 •282431
0.81003: 3.571814 0.817205 2.Q1A9C:7 0.266155
0.81530^ 3.615047 0.7A2179 2_. P 27615 0.251 96C
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SPACE DIVISION' or NORTI, AWR ICAN ROCK%VE:LL CORPORATION
TABLE Al. SUBSONIC FLOW O AD 1 ABAT I C CONSTANT-AREA FLOW N 1 TN FR I CT 1 ON
OF A CALORICALLY PERFECT GAS (PRcLININARY;, (CONT)
INITIAL OV01 NLMER IS 0.800000
MA(: M NO PROCESS FDIC T i ON CLASS FUNCTI ON PRODUCT FUNCTION FR I C T l ON FUNCTION
.	 427, ^^..	 11 , .74K1t!2 ,,7 It,
. ijC ^.7'	 •P5 6 r,,311'1 1.7f:[ •r `• .,'I14'
7. 01 	 ^: 1.p	 1^ :•65V '' 1.4777^a ,Iyc. )'.
c1. y 4^	 '^^ ^.r.	 ? ►, u•tr?IRl•1 2.311	 1 ".!gF ►^'>t4
9. At. 1	 ^- 3.r	 3 e J.5^24`=a 2.?noo79
0.!4 `, '..	 • r ? 106164nI7 2.??	 .1
D.A55` , 4.	 7Q4ri 1)053ti35h 2.147:'
7. 96" 4.	 ^ ec 1 i '1, `•C'04 n 0 2,'76 75 1 7 .1427"' 
^ . q h5	 1 . 1 1414. `.4933' 5 1.99P747
.	 17C.	 ). 4. 171 r h'j '.4-)0047 I,'11Cti57 .!??^''
. 475 4.2 +1 101 ;.4334?3 14??
U. "^,,;	 + ^,,,.:I^ g ^.4,)050Z 1.7^+7r1 1 .1 ^^.2ti.
LAWS^„ a, i54f 4 1, ` P G7h1 1 •6P?C27
C.9`r ''C 4.41c);21 1 1 •tit' 71 4 5 ,'	 a 7.,;,
O.A y aC e C 4,4R40ih )• 14 1 74 7 1 •533'1 ? 4 ."	 1
0.430	 r, l..	 r'f4'"', ._.1421 1.45oAj'+
,).9cc, y,h^4h7^ ,^,,,7^5 I.3pts"40
 
^,,3
3. 0 10 .4'1P614 !,; 70974 1, t1' "- 2 ,,	 4,r Qjz
^•^1 ^ ^•, >'71(n(' 1 .141	 1 74 ,'	 4 ^
4, ►+`11 1 `': • .' 4 1. 0 ' 7 1 . 1 : o f l I t).^ 4f f,77
0.92 10'1, 4
	 I"1 1 ). 22'51 A 1 . ',Q74 1v 0,r,4r 4F n
' . 0 300 ► ' ^.^14^C 1 ;..'	 455'1 1 . `257 1, 0 142:.
O.o35CJv `.1
	 .1 1F 710? I1,o54469 U.C3(H13
0. 0 4071" 5. 1	 r J. 1 70137 0.FR2495 ^,' ?t 14c
0. 045000 "71	 +7 '1.153646 Co. Q ll5 145 CG.C21Pht
0.' 5()^ 3 77( O Q 1 3711 h C'.' 4014 OS
 ') •C 1 A C4'-
0 • Q5 r+0ILI `' .47t7A 4 . 12? 1:_ ^.66F3A q r.^ 14472
0.9^, C, , 5.4, Pic, c,7 .11,hms,) (1	 4'r+ ^.:•11274
0. 46 s+! i0 5.^,+(cF l ,I Q21f.7 n,`+24:	 'h 1•r'^b4;c.
C.9 71 1IIC 5. 7(37470 0,4,1	 ,6fF ;: ," o f r76
O.'175C')-, .1)12F70 ?.0,3441.4 ^,77Ar(,5 ^'.	 !14C4?
^. o5r.(, ); f,. : 5322' ^.0 50;421 ► .304?C2
0.9°5000, 6.1CiP772 ).L?72701, 0.
0.914 0(1 J" (.?rF41 + 3.0?444' 0.154n5A J.:
INITIAL MACH NLMER IS 0.900000
'). 9 00( ^C C.0 ).320422 6.0 C . l 1 77?H
3,9051'0%, 7.114(	 ; 1.2o47C15 2.132173 C`.1123`17
0.910(`:11• 7.31Ri Cti !.179574 2.04514?0 r.C:c85-PC
0.918^OC 7.51?f 61 C.26C010 1.953625 0.(IH<<764
:). g 2''07v 7.736E o f 0.?4rQQ7 1.057246 C..^74300
7,' 25^7.7 7.93^x? 11 0.4-22518 1 . 764636 r`.17!'15i6
3.93000G 4.14` tF13 3.204559 1 e6 1 7114 u.16;)046
0.93500G 9. 3 )2C 56 C. 187103 1 . 5 701 77 C-.0 53 gi•5
0. 04 C000 P.645744 - . 1 701 37 1.470959 C.046141
0.44500 1. A. 91 36 0 1 J. 193,1)46 1 .350 5 52 ^ .0 3A Q 4`-
0.95C-C3_ 0.1967C'1 1. 1 3761 5 1.265615 Cam,. 3741,7
0.145503, 9.506211 0. 122 r 35 1.1600140 u.020-311
(1 .9600)^ +x.83052-) ?.1)6384 1.050770 i..0?U7IQ
0.965 7 0C 10.17bC2h C.C92167 0.937905 6.015671
0.4700^; 10.556239 u.077856 0.921300 ('.011411
).Q75000 10.94,5674 C•, 06 3444 0.700553 0 O 7i, 79
9.9817330 1 1 . 3')12^!1 u. C50421 0.5741S4 0.034447
0. 1 1R5030 11.8617P4 0.037776 0.442154 0.001970
0.990000 12.371.837_ __ 1.02440 7 0.303046 0.0
A-
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SPACE DIVISION or NORTH ANIERICAN ROCKWELL CORPORATION
TABLE Al. ' Sl1BSCN ! C FLOW, ADIABATIC CONSTANT-AREA FLOW WITH FRICTION
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL MATCH NUMBER IS 0.980000
MACH NO
	
PROCESS FUNCTION
	
CLASS FUNCTION
	
PRODUCT FUNCTION
	
FRICTION FUNCTION
0.")	 1,USi.421
	
J 
	 C.rl11y1Q
3'J .	 711	 -).01727,,
	
1	 14)`)7
	
C	 1i
47.')55?46	 11. C,2 444  1
A-17
SD 69-168
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1SPACE DIVISION of ;NORTH A.\1F.RICAN ROCKWELL CORPORATION
TABLE A2. SIDERSONIC FLOW, ADIABA T IC CONSTA"T-AREA FLOW WITH FRICTION
OF A CALORICALLY PERFECT GAS (PRELIMINARY)
INITIAL MACH NUMBER IS 10.000000
MACH NO PROCESS FUNCTION CLASS FUNCTION PRODUCT FUNCTION
i5 .
41h1I n -1.t1C•c..I14 ^•')J^a44
-1.4132 13
O. i4'„ , 4
-n.42C j _J.O,O^n35 (^.0^7057
1.7 +011 1 -C.4CZ45: -1100 71 31 O.001^Ih
1. 7.,'1 )k,
-0.4)45,)') -0•'007?44 +;.	 , a 176a.5 .4 ,4'41] -^.4)',7? 1 -.^.00 X 151 0.	 ^^13W
9.64 1) )01 -^.4 "'4P•11 - #j.rl746.3 i1.0'.:3? it
^.5n71)a.j
-^.4 A1. ^.' -^.: 07 579 0.'01132-)5
'J• j4.)V1 132Rti -'.007/,1?1 ^./1411?
9	 ip11 44 1 ) -0.4 j 5` "a ? - ;. l iU 7 dC6 ^. ;1 :44 Sri
Q .44 0 -4 ► , n.4 i17 0k - 1.(_tl7n4f, O.r1U:+47",
^. 3a0 ')	 ; -:,.4'••	 " -) 1 - )I C09 ) 4 1 0.0'^ 1 ;41
a . 44`)1) +' -().44,'A61
q.20 1 )0 f1 f -''.444f -4 • . -'1.(`0'?.`tK r..r,; l's9^r
9. ^44 417 -	 .44 7 07'1 -	 Or. 44 7 )•:l 3761
.440171
-..(^u>15c:) (^..1'3a4/,
9.144Q 17
-r.451 7 74 -').Cu.10-)	 4 U.1"'{'I?I
n . D j1 " • +' -x.4541 77 a 	 1 1•)4,.11
q. 3 4 )^ +C -r. r.FF,s.I - ^. t n,;o 11 C.	 4^,')h
g .v ► 9;4s -C.4ti'+r7) -^.CO')1lti [,.1041-14
51	 14 1 Q7i, -C.4b1^ti -'-,.+1'01,42•` 1 J.rro47f.*
4.40"16 -'.1.464L:bA `)41 1 J.rr41"7
•0	 44h2
y 1
 7o0JO0
-r.41,Q1 ti 7 --•.(0971' 0.0-14 r, S0
4.747') 45
-3.4717-A-?
-').00087,3 %"046n7
j. t'
	)',
-6, 4 1431. 7
-C.0 l^041 O.r047•, ±
^•64 QJ1 -7.416(4
-[.01(2'17 C.i (4Rh ►+
4. •,Q')4 J r -r.4lQ0,49
-".U1n377 0.004n77
Q.-^^,n7n4
-0.4,{2445 -0.G1r55') O.QU5")84
9.4"'+ 304 -0.495( 62 1't7. Q O,C)5?'"4
9.44 1 9 1)4 -0.487PoQ Cl innq 0. nr5X71
9.3"004
-!'.4'110589 -	 .0 11''94 0.,'0541.3
8. 34vQ 1:.
-10.493306 .01 1 284 C.#)( 5567
9.7?001)4
-r.496232 -,0111.74 o.0C5hQ6
9, ? 414 ? n 3 -^ .40 0 10 1 - ). ^1 1' If) U. ^05 2 9
9.10 1) 0 7 ;
-(+.5•.,l 4 97 -J.0 11 v 7a r.:.C,S 4F.-4
9. 149441
-0. 5(1 49?? -^.'C1209+, n,01"61.^3
0.
-C. 507594 -0.012201 0.'0057.46
9.0/. 00 1 ;
-0. 510 07Q -).0125113 00170"04
7. 9999 0 2 012 731 G • C06546
7
.9499Q,' -	 . 5 1,4464 -').012065 U.006703
7. '3`4 44 42
-O. 52(-C, c)3 -n. 101 31 Q9 :+.006Q64
7 . `i 4 ""» 2 -C. 5?31 H5 -0.013436 0.0073307.799932 -C.`?6345 -1.C136PO 0.^072oJ
7.749191
-r. 57 0 54 1"
-0.C1?q?O 0.007 376
7.67Q a ')1
-0.53?776
-,).0141 46 0.'0•07559
7.6 4Q9O 1 -G . 5 36C 4 7 -3.014449
 0.107745
7 . 50009 1 -0.530356
-0.014716 0.007937
7.549Q91 -0.542704
-0.014091 0.008146
7.4 9 0 4 43 -0. 5 4 6r 0 -1 . C 1527  3 O. C C 8 340
7.44 Q 913
-0.54Q511
-0.015561 01008551
7 , 309 gc')3
-C.55?072
-0.015857 0.00876Q
7.34 0 99'0
-0.5L)f 47 14
-1").016161 O.0013QQ3
7 • ? " `' 9 a C .016471 0.000224
7.2411')G
-'0.56361 1 -0.010+790 0.0OQ453
7.1 01g 9 =)
-0.567?44
-0.017117 0.004710
7 . 1 4QQ 4 q -0.57C918 -0.017452 0.009064
FRICTION FUNCTION
1 . ^ h r	 r
1.:.h(41to
?7f
1...' 	 117
1 . ^ 5' • 0 ol%4
1	 5^+y1:
l.n^Q4y4
1 . " 5'^ l '► h
! g; 'A
I.^FaN "'3
1	 5dh^^
'• 4 1
^Plo^?
l .	 ^h 171
I	 ti7.471
1	 57.7?
1	 5746
1."57?5a
1 .	 c^ 7,. t. 7
1	 =)/.w A4
t • r &)	 I,;
1. x+615'
1 r, 17
I . ter,,%h
1.	 42
1.G5ti172
1 .^84'121
1. 54657
1	 5:3 P9
1	 s 41; 7
1 .0 53P?5
1 .653537
1.^53235
1.:521)3?
1.'0'52632
1	 52310
1	 51 9 05
1. 51660
1 .051 320
1 .1050'175
1 .1"50617
1.C5r?5,4
1 •04QR-'7
1 .04040&N
1.049IC2
1 .(,4 P69Q
1 .04A?85
I.C47£lb4
1 .74 7421
1.0464F7
1 .C4h532
1.'046.066
1.x45589
1 .045098
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SPACE DIVISION of NORTH AMERICAN ROCKWELI. CORPORATION
TABLE A2. SUPERSONICC FLOW, AD 1 ABAT I C CONSTANT-AREA FLOW WITH FRICTION
OF A CA#.ORI CALLY PFRFECT GAS (PRELIMINARY), (CUNT)
INITIAL  MACH NUMBER IS 10.000000
MACH NO
	
PROCESS FUNCTION	 CLASS FUNCTION
	 PRODUCT FUNCTION 	 FRICTION FUNCTION
7,00 ))-A, 574f All
-11	 ,	 ' F )6 0•c1 ?6 1	 .	 '	 .,.11'42
7 1 JS„: 57F4rS o61814) 0. 176
b. qv).: i ^ - ^ 	 . S "2211 - ).(1`1511 G. 5411
IS o94 1- 0 4 I^	 1; - I.C1dP82_ 1	 l	 :hf, I	 a3n0-^
r,. i ,r 73
- 1*011?64 11"'s 1 .	 4?44'
5. 44 .503i1 0)1'1655 '1.'111!,!4 I .	 '41 1f,q
^.	 7	 ^.; - :. 5`i7 % .') - ). ^1 l ^'S t 0.' 1 1 143 1 .^^	 11 I'+
h 1 74^^'^ij -(^•^r11""1
- loo?C461 00	 1232; 1.04',,72
S	 S'J )4i
-^.'s
	 /'	 Q ) - ,0 20 Rc+i r;1^126',3 1 •''43()49
6154"» 17 -C.till?44 -	 .0?1329 ^.C1 3 ^1^ 1 .(`3^4'?4
^4
-7.4144,
- '11)2177; v•j  144 r I . r 	 A 	 r41^104.7
-r .',1 372	 i -,.0222 ^5 ,•^1 3 757 1	 .,_'P'.f..2
^" -;.11011 4 11 - `.0?7707 00,114147 l."171f.7
6.4	 46 - 1.b77414 . 0 ?I17" 0o	 14151 1 .rl/,f44
6 • 31 14 % it, .', 11 04  - - 0. 0236 0 1 0. ^ 1 It 	 9
4^i)^i _'• 351..,,
6 1
	 0j.) -^064	 1. - 1 .0?4731 ry^r71jAFf )	 •^"143.'r
6.2vov4^u -^.t,45	 l -J.0?527; O. :116 ; 14 1.	 AI i'iq
. -c 9657 . 1	 :1 -^.V?5 i 1
	 3273'
5 0 1
.'`,4''1" -^.^)2641ti `.	 1 7 29 2 1."11191
S•) )ca q ; -^o
	 7;^'.
-'^.,=?699 ^ ). "17 A IC 1 .: 1l rl
6. ) •. u `) i i -1 .	 `, +1 - )•'72 7664 .C1 314
 1 .0 i', 1!'h5. ;1')4 0 95 -^.5:, 1577 - ).02923) 0.(181401 1 .f 201 75
5 1 . 1 '4 4 I,74543 - J. vi 8A7• 'l ) 4 7f) 1 .''2P.2?c
5. yo0^a:. -).f, i9', )^ - 3.02')537 0.^? `'17 '• I .;?77?d5.149'?a» -0.E)g4.'? .CzO??1 r?•r?J604 1 o r. ?I 7^.6
5. 7 0 1484 -01r;QIQ76 - 10011) 0?5 C.^21337 1 .'. ? 1 152
5.I y "» 44
-r`.'` 5 ?71 -:.03165) C.'2L^rj5 l.^?4Cr0
516'^ 14 0 3 4 -(`.7.'x•631 -0.032307 1 .:'2?943
5.640• , 93
-017',601" -0. ^331 F 1 n.n? 34 1 q 1 .7.21791
515 031-0i, -C. 7111,1(4 -)o0339o> l J.0241,-9 l.(?C 60?
5.S-W-04 ,,
-0.717227 -0	 0347N1 r,.• ?40e.6 1.rl191q
- x . 7 21^1'1 1.0719625 G.^25754 1._ 1°11
5.4+ x '•33 -	 . 71Pf,')7 - r,1C,3f4W, 0.)26595 1.^1'7g1
5.3 0 9 1 48e . 73456? - 1.0373 4 S 0. 02 7469 44;'
5. 1	 'j 0 74C 51 z -J.0-4m 122 3.0?A-A71 1 .0 14 _'455
. 74f,5 . 0 39? 71 G.!'2U' 7 4 1.: 1 2 f,;"4
11 . .7r ..040267 0.01303 ")n ! 0^1 11 :'S,ico:g2
-C.7 11t ic-?5 - J.0412H7 0. r 31334 1 ..	 JC5745. 14" ii - n .765 ?111 -" .042341 3.43?411 1	 79 RC5.Ony 	41 -n. 7711179
-:`.!)4342'1 ^.G3351 I 1 .^"1,)42`)
5. '149 4 8 i -0. 77P? .14 -;)104455; 0.03467? 1 .0	 4631
4.9000 31 -0. 7 84 1'41 - J. 045715 0.0'3537 9 1 .r'J2R6'J
4.949441 -n/ 70 111 , f --j.046'116 0,037117 1 .(')1030
4 1 3400AI
-i /799-426
-1.n48157 0 /0 3845 0 6/99014)
4. 44 9-) iC -^. y ri5-Afi 9 ;
-x`.041440 0.031+P1 R .) 1 4 471 r,7
4. 1+4910
-' 0Al24`i4 -x1.05(;7613 0.041247 0.019,17,,
4. 14491'7 -C. Hl Of,4I
-o.052141 0/042737 (.943064
4.6 g 99A0
-0. x26 0 61 -0.053561 O.C44293 0.9o!'Q9l
4.64 Qg PC -^oR343gl
-0.055031 0.045g1a 0.99P6774. 119997; -o' P 4195?
-1).056553 O oO4 7 61 i C'.9R62P24054'a o 10 -(,,.	 4 4- 0 k 4,)
-0.(:58121 0.040341 C,.oa3A50
4.4 g 99 7 -, -i). -157461
-J9050760 0.05124? 0.941 34`
4/444970 -01 Rh lr 41 7
-0.061449 0.65317c) 0.g7f- 7 46
4.3`)0919
-x .P73511 -).Go3?00 0.057206 C.97602`=
4, 3 4 q ':) 70
-099H175'1
-0.065013 0.057325 11.97370E•
4.299070 -G. x+ 9 01 35 -0.066941 0.059544 O.v702P4
4.249976
-0.898671
-0.068841 0.061365 0.967262
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SPACE DIVISION t1F NOUN AM RICAN ROCKIS'F.LI. CORPORATION
TABL,L A2. SUPERSONIC FLAN, AD I ABAT 1 C CON S T ANT -AR.EA FLOW WITH  FR I C T 1 ON
OF A CALORICALLY PERFECT GAS (PR.ELIMINARY), (CONT)
MACH ND
L • 14Q'^ ^„
4.:14 1177
. Rt1y, ► '
• 1 4 1'4
. 6,.
	
/ 6
1.54a..^^
A. 4 9111 ►
1.44)(41:
A . 1ti,1')7'.
3.140117;
• 1 4n,) 74
3. -19(3,174
2.944013
^ • 3ut:,, 70
14Qc7,
^• >>v4-73
. 74'14 72
2. 0^,OQc ?I-
2• S&QQ r2
2..5QQ972
2.54 1 l72
2,400071
2.449071
2.1Q9Q71
2. 34SQ71
2.20;,1471
2.24Qg7^
2. 19QQ7^
2. 149Q f l-
? . DQQt,7)
^ • 040Q 7v
1 . QQ'1Q6;
l . 91.9969
1.4^09^,9
l . 4 4 946 9
1 . 7 0 9 -16 '=
1 . 7t•91W4
1.609(31,9
1.b49^^j;
1 . 590(368
1.549068
1.400966
1.44Qgi7
1..3c'Q957
1.349967
1 .259967
1.240957
1.109Qh6
1 . 1491166
1 . 001)'166
INITIAL
PROCESS FUNCTION
-t .,4344:'1
- r ^ ^ M ^ ^ r 1 {
<17?AVI'l
-1•^ {tic!`
-1..711 ► 6
-1."4'47'
-1.	 jt,p-jr1
-1.121'
-1.134c'a'
-1.1'lb^6
-1.176^1'1
-1. 1'+0 4 71
-1•201,2t,4
-1. ??C 411
-1.735024
-1.251819
-I.26a106
-I.?84CU6
-1.101G+2
-1.310401
-1.37751t•
-1 • 3566'48
-1.175Ch2
-1.3041-,02
-1 . L-146Q7
-1.435351
-1. 4r; 01,1 14
-1.47051;5
-I.5ti10s4
-1 . c24?t'2
-I.54R274
-1.573(25
-I.59PcP0
-I.6240QQ
-1.F52?25
-1.6PG51 4
-1.709931
-1.740346
-1.771026
-1.(304754
- I . 8 p92Q
-1.874547
-1.911 727
-1.9505(36
-1.9111:07
-2 •034(,20
-?.078930
-2.126260
-?. 176263
MACH NUBER IS
CLASS FJNCT ION
• l 	 ti ^, l
.t'173ti?
711771
14 1
- .^• 1)9574 7
- . 1 "' 5218
.11?2^1
-	 115 ay J
-	 IIQ7?5
12371'
-	 1?7g5t,
. 13211
• ) " '`_, 045
141 iC'?
146141
-..151175
. 156401
.161d36
- .167480
. 1 7314)
17(4422
?.145733
-(). 192?.75
-0.19(3056
--^.206077
-').213334
°0 2215A?
-0.23,5511
-t, . 2447t• 0
-'J. 25 3175
-n. 2617,3 8
-0 ?7C r, 74
2795C4
-0.7885'{4
-1.297625
-3.3C67C2
-x.31 51,97
-0.32447')
-?.332953
_- 0. 3 4 C cW)
-3.34027r,
-0.354672
-).3511849
-0.363411,
- 0. 364 89 7
-0. 3h 36Q2
- -0.3^9^42
-0.34(3910
-0.335312
-0. 313457
-0.2P2305
-0.230529
-0.191431
A-20
10.0000(''0
PR(A)UC T FUNC T l ON
,^• ^73i I r
C.,)PI S ^ 1
v.1'A49) 6
.0414t,6
r'.'i t151 JN
iC 1 4 ,41
. 1 1 -4471,
^.124101
n .I41 '^5
. 14 -4 2,)  a
1 . 1 5 5'' , it,
' r .16	 7
^. 1 777014,
C.1 a^.194
u.1t)4i O4
G.214?35
0.2355?Q
0. '47014
0.259153
0. 7 71 116
0, 2P r; 147
n. ?00,47C
r. 114314
r,. X199<c.
0.346?5Q
0. 3633'15
063NIY7t.
n.4('rn45
r.41 4,5` 1
(.439913
11.46 ti806
0.482449
C.5C4651
0.5272.79
0.55('146
n.5730G3
0.595518
0.6172.51
0.6'37624
0.655476
0.r7102C
0.6(31759
0.6863Q0
0.682586
0.667710
0.637564
0.587090
0.50Q3C1
0.394842
FRICTION FUNCTION
.0w 77
i .941 10,1,
, • 0 4; , {',n
r . 1 yP ^,a
17
•
C•c14•,4^
. n '1 4? 1
f,•7^Z7c{
fr.W4c,y;^
'^ ..• 7H4rr2
• .^71Q1^
'. t571r;
.'14 0 1 7I
C. '1 4r 16°
0. A 3 21 8 .1
x .47 4 r p
+1 {c^5-j
3575
r•7v31r7
^.7•+21'.1
0.771 ti17
0.79571
('' . 7 4 li 7 i
('.7)2652
C.71 ;71`.
0.704095
Co •h9P75i
C 7?h 7
r'.65575)
C.r61rt11Jt•
0•AI9?ACN
C •5Q (3Q6('
0 . 5 70?6t,
r''.'5797,,
(1.53537(`
0.511781
0.4P7 ,- 113
x .461 291
0.414353
C .4^6290
C . 1 77065
C.34F737
0.115?63
0.213(11
C.24QP21
0.21SQQ3
0.1'31 751
0.147492
C.111687
O.OAC979
0.05C272
0 .02279;6
-0.0
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SPACE DIVISION or NORTH AMERICAN RCX:K%VELL CORPORATION
TABLE A2. SIDE ZSCN I C FLOW, AW ABAT I C CONSTANT-AREA FLOW WITH FRICTION
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL  h5441'1 NUMBER 15 8. 999996
MACH NO	 PROCESS FUdC T I ON 	 CLASS FUNCTION
	 PR OC' M: T FUNC T ION	 FRICTION FUNC T I OV
J4. g4 n ' • -/1.4196 R4 1	 )261 1.7f,+ .n.a'a	 r
9 •	g(s( J ,.	 ,., -0. 4271 S4 001441 : C	 T 4 n •', . 7 1,1s:
y. •44 k)'i	 Jl -(	 •4744•I'')
_! •c0Q"01 0^	 :- •gq.;c	 7
t,	 a j ^ a ('.uv1 7^?
',.	 1.. l „',
- r•4	 q` OCIA7N '	 .'1-14?41 sJU	 [•	 7.97
4.!l"I'+	 ,', _(	 .4 41 f )	 -1
-	 .1.(	 1110; 1. 1 j.f r 4? A • cJU , ^7^
q•t4')0^;',
-C.444(4h -	 ).f	 I r, 207 0•f 444'^ (••.,
'i	 C;r^ Oil l'.
. 4 it, ;V -	 ,.'	 I	 ^7 r.n	 ,. ► 	 ^ f •'x'1'22
'i	 ',4^, J• 1 -1	 •40,,1 r 14 ,	 l"'Sti) ;190'4•	 +/ r.	 1  94A.4t,$)QkJ4
-f	 .4•.)`1')r, - 1 .0 1 11729 (	 •	 '	 ,47 + 1 •' 'a1
	
h5
1	 444 0 )4 -0.44[.k-'i9
- 1.01 00('4 (1..104444 •`^'112r-
9. ;+J gQ^. _f'.4•.f f 4?
-'1•''1 I on& 0). '1 1t. tl^ 1 .	 4N
•	 i.	 j
• 44414'.
_r •[-'.	 ,•i.7
-.1.111?N4 C1. . 1 4 `10 69 ,'.V0	 r74
Sot" Qn1 ; 479 t .r"1,11h .,:4.,-4t,P
q . -)t. yg ,13 -r .454515
- ').01 1 1,76 0.0Js3r7 r.g4ij1 ex
F.1	 j1 4 3Q3 -	 i`i71'^1 -'.11la7o 0	 a,-• s,441 7r.,
9. 14 lg )) -'i.[.^'.+1
	
1 _
"•J1'r"'r' •'^^^i4-'^ n•r,7t.ti i4
8	 0Q(4 ,443 _n,	 ,,,54 _	 . r )27t'c) r..!1 7y2AI6. 74nna `
-(' • 46 , 4'1' -( •C. 1251 h 1_I4'rC'i,, ?5 (1.47Rr,r^E
•-4Q 001 41)'A ^  4 ?
7.'44QQ'4 71;01.7
-';.i )? 11 15 If	 7 .1370305
71r3 Q a 1 '^' -( . 4 t:i''3^
-).Cl +l y 3 r	 r+
.')0	 255 v	 1!`s(.	 Tr	 tr.
7o 8 4 Q Q4 1 -r.476WA1
- '.0 13436 ;.'.`0444,7 r	 c77771
7.74>
	
]^
- i .[. T^7hf, -';.1 1 301. 11 (;.n()h564 .17744
7. 7449n1 -4.4,4[' 7 23 -.,.0 1? 0.1)00,724 ^ .077114
7•b Q900 1 - x.4115714 -^.I )4jor, r •OC61414r1 .Q70.7 T1
7. h[. 1a ca1 -r. •- S R7 5 +1 -'J• ( ) 444 (^.r11i7nh) r .117. 472
7.59`49'41
-f .491x21 '•710 0.017718 r
7. `)4 Q )'1 1 -C .4'4 4 0 ') b -6.014 ) 0 1 U• 1 x 741 1 ) ^ .0 /ShAt,
7.4 +]0 9).
_r.4•]F;rn4 - ; .015773 U,. -'i,7 • ^7 r. a7',	 I-
7.44 1. 0'4 ,- -r • r, 1 1[41 -`1.(1j55E,I C,.	 17
 •"71.r'A4
7. 3Q y Q4 . -ri.,. 44'1`1
- J. ^1535 7 n	 rl '1 7 c1 Q?	 41
7. 34 n0 1% - C. r-,7712 r.vc	 5 0	 9741 4r
7.7000 `1
-1	 ,hI,'10a7
-1.016471 (•.(',rP417 ;".,1717197.241190 -(1. ;1432 1
-'1.!` I 67QJ C'.rr 11 63t) G.973?g5
7. 19 ,19 Al -r.'i17f,Q7
-4.'0171 1 7 (1.t,c"9An1 97?PSE
7. 1 4 '1Q 4^ -^.^?11'44
-''.^1 f4 r ;) '.0010101 ; .^7?411
7 1 19909, - 0	 ?4-;)63 -'l.l 1 ^7oy ( ► .nro^35 0.07194[
7.04o
-0.G1Ff141 (?•(`Gn5u4 (.0714716.0Qslgo';
-( .5 31 594
-0.018511 f,.rC•Q.44') ; •97010?
5 , 9490 -A'
-x .5351 92
_0.01 .39 q ? 0.011:1^E, C;.Q7r 4"l'-
6 . 30 or) .4i' -4.5,3 uy(`5
-0. t' 1 0 264 L.,11 0379 ^ .QtiQ'an4
6. 34n1a6
-".`+47464
-(. U1 1) 6 r,;i U• 01 0 6A C •1Fc1462
5 • 7 C49 14 8F
-0.5462'11
- "1.C'2005 T 0.C10,155 C,.9b0022
6.74 1) Q R(:
- C. 54 1117"1
-^.C'2C460 (1.011259 C,.9hPzbiX1.6991 • ,7 -C.-i';'A7A5
- ).UZGP93 f?.C)1157^ ^.Qh779 0
6. h49Qi 7 .59764P
-0* 021 32 .4 :1. ^ 1 1 994 0 .067211
6, 59 0 Q R 7
-('. 5615.,4
-1 • 021 77'1 C.0 1 ?22 ` 4 r' .9t)nh(?y5.549 c1 -47
-0.5')5627
	 - -1.022235 0.(`12574 0.9'1 F 1a 4
6.4 Q1 917
-0.569549
-0.(127707 :'.012'133 4`.46'+3446.41 1 9901,
-(1. 5 7 3 0: 1 7 -0.02 31 9? 0. 0 13I13 !' .')a4h n
 10, . 3 Q01)-16
-(1.57771.4
-0.02.3691 O.C1301,4 7 C .9f•4,11 16.149QR6
-0 .5t;1"25
-1.0?420.4 0.0140P5 ! .16 331 4y. 2Q(1 - C
 .; 46161 - 1.024731 r`.0144Q5 If .96 ?5996. 2410 16
-h . 5')61.5%
-0 . ,`2 r- 2 7 -A C1. U 14 14 2 z r,
	 Q s l x666.1 o 1946 -0 S 9A,)R
-:x.02.5631 0.015365 0.96111501 . 149,1-40 - 0.519117
-0.0264C5 0.015821 C .,16033?6.0999AS - C. 693693 - 1.02619b 0.^16297 0.950534
6.04'14.40
-0.6CA?27
- ,1.027604 0.016741 0.957707
5. 9999 H
-().612625
-4.(124?31 n0...1730 0.157651,
A-21
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SPACE DIVISION or NORTH A NI F.RICAN ROCKWELL CORPOR . TION
TABLE A2. SL$mERSON I C FLOW, AC I ABAT 1 C LONSTANT-AREA FLOW WITH FRICTION
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL MACH NLMER IS 8.999996
PQOOUCT FUNCTION
1N7•'
MACH NO
•	 a,, j,
5. 74,E-:
S. til l t r..
5 •
5. •49403
5. 30ya^^
r Ir a 14 3d
5.140061
4 • •+') vu 1
4 . 94 'IQ : 1
4 • ^J r 17 7 1
4 . 94 Q9 a;
4. 7 ,JQ^A
4. 7 4 =^'';..
4. '+QV Q
'•.64014
4.5::^n07
4 . 5 4 00P`2
4.4oa11i
4 • 44Q0 /.,
4 . S r)' Ir, 7 ;
4. 349 ,4 l;
4.2c'14()7:;
=•.24997^
4.149a7o
4 . 14'4070"
4.09QQ77
4.041)(177
3. 00 " ) 77
3.144077
3. 40GO77
A . 14n0-17
A. 79QQ 71)
3. 7499 f%
3. 6 QOG 76
3. 64 99 76
3.509076
3.54007 5
3.49 007 ;
3.44997;
3. 3 Q9v7
1, 34QQ 1
3. 244974
3. 24 Q ^> 74
3.14974
3.0 00,4 74
3.049973
PROCESS FUW-IUN
-" .ail iHi
-' .536„)1
- r . *41 '^?4
- ^ .6'.73'1,
-C• tih 2t,1•,
1 ./. 11 4r(I
714,7
6 7 'a ' 4
-c.f, r^- !.11
-1••7.,'1•'.•.
-C• 7 'a l ti'3
-^. 7 2 J454
75
-^.74c201
_r • 7r,.jat of
- i • 766P24
.'9110'
>l a 4 31•
-(.7093 .^
-(. Q ?7( 71
a41527
p 5	 41)
0n
-C.Rhu?N7
- r .P71ii z47
-C . r1-jh 76 H
-r. u( 6 257
-0.015033
-C.025rC'1
-0.Q35P73
-(,*046151
-0.056tr42
-1.067352
-O. Q 781 8,i) .._.
-r.OH9460
-•1. r ; CP71
-1.^12533
-1.024453
-I.C'36f1-1
-1•04°:'0Q
- 1.:'61 847
-1.074ci8 7
CLASS FUr4CT IUN
t7••
211
3 196
- ^.J347r11
1 • 35675
1. ('364 1
^.0 1.4;,17
-J. 41 ?f'7
"4l 31.1
-..L 4 342 1
-"•C44';93
-.•^ Y S 71 ..
-).4601,,
-, .C4a1&;7
- )•r5071 R
-J•C5?141
-).05350, 1
-0.055031
- 3.0565x;
-_1.('59129
- 0 054761
-0.r'61449
-C;,C632Cn
-u.C65L:13
-^.C66gg3
nf,ao41
- ^.07C Qf.l
1.72956
- ^. (` 7 s l l3
-C	 77 3 Q ^
• i A4 6h 7
-^. C-999SH
-1.C95747
- 1. C C) 8 70")
1:1523q
-J.1OP652
-0.1122^1
-0.11580,'1
-J. 119725
-0. 123712
-0. 127655
-9. 1321 f,5
-'). 136645
-U. 14131.2
-0. 146 1 4A
•1
^?0^?1
6NU4
^.r?7++^1
r.^ ^^Zo35
,^.04`117
n.n l f . I 
r.J;7667
,••f'4(^l^vo
^4?1Qu
L'.( 43-1-,7
0.;"454
C-•047117
n. i 4PQ(. 7
,).05r;Q,;
J. U52 734
r.^547^G
C.n^ha;f,
0.'•54164
'.'Jr15+"
r #6 4) lP
'^. 0'66546
C, 06 1 3d 8
0 n7?_11,4
3.r751 31,
0•^74277
0.rp1561
0.015015
0•C98641
0.('Q24S5
0.C964-^?
C.1 Cot 7';
0.1051 ;'5
0.1(`Qlf,5
0.114~69
0.119Q?0
0, 111526?
J.1309N3
C. 137004
0.145354
0.150^41
0. 157C87
FRICTION FUt4C T I ON
i7
,^lr•^
•74Ada4
r.	 2
^.'40^11
! . )4r
r . 9 4
c.c;411-11
r.-41'^4
r .43 n 'i
 %7
^' •'^ it 4 1,_
l 4
'..4{^jzc
('• Q 3C 1"
G.y?1<I
?#, 1,0
^.g147zc
.12272x:
( .01t,271-
. 0 1 1Ot ?
C.=•116r4
r..)Oci 74
C .'4;1OL47a
r.9n?74o
L.. cl	 ri p
(.QOlu3a
C •aiE01,
('.F± yr ^qc,
r•uH17r^
r.47rr ( r'
C.Q'74?47
O.a7C?55
r.n.,f,OQQ
C .P6171;1
x.957??4
^..cS151I.
C .P47(,Cu
0 .P 42464
0.NZ7072
C .P 31446
^.P256Uf-
0.81Q47r
C, QjAr7;
C.Flr371
C .70R36C
C.79?C77
C.7R434P
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SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION
TABLE A2. SIIPE RSON I C FLAW, AD 1 ABAT I C CONSTANT-AREA FLAN WITH  FR1CT1ON
OF A CALOR I CALL Y PERFECT GAS (PRELIMINARY),  ( CON T )
INITIAL  MACH NI,ME R IS 8.999996
MACH NO	 PROCESS FUNCTION	 CLASS FUNCTION	 PRODUCT FUNCTION	 FRICTION FUNCTION
2.QQc"	 t -l.l ,ik7z' -	 '. l^+l 1	 11 .1h4r,11 110 312
2. cl '4 4 )	 , - 1. 1 '1 E:n3 -J. ! 564 f,1 . 1 77 1 4t' _	 .7$17A9It
2.1 1rolf, -0.161 "16 .14'x,	 ► :, (,.754Gf,N
2..44n q 1` -1.1 ii 2^1n -'. IL'7 4 Q 14c .,2L
7.1' 113 4 if•44'1.^ -x.174341 r i	 .74(	 1"1i
^.14•Qa72 -I.l,u,	 4 -'.11"4J' .2	 "4 11 .7?	 li
67V 17; -1 .I	 1546') -J.19	 1 a 1 .'!" St 4 C•1ln:^l^
Z.h4 04 7 -l.l`	 ll^^`^ -).1"^27h .2J4`37 C.7,;K12^^
2. -1 49w /.'_ -1. I'	 1412 -	 • l y 9l` F h n. 24"i4i i •60l•iq^
?. 241 Nh - ry. ?0607 ('	 K	 )ti' ".644)40
2.4 2411(4' -1 •2131' 1 ).2147•)S (`.h7I15F
I,2	 7 h!, - )•22i1. 14 ) ^.?17')Li-> (•h575f/J
?I',a'4 -1.1215 ► ' .211ati,: t`.641'A44
2 •236,5N r	 If41h t^.h?N3^^
2 .2^ u4 ).24470`,3 0.??1115 ^.t,t26g1
74 141,
-1. A 44 1 4 5 -,.25 31 77 1.317777 (	 o r,	 7i)r
2. 1 -- 2617,, 1 . 1'x)4 A9
7. l y »l: i26 ?7x1;74 x.1721'11 .'hC7 1
2. ny7O7 v
- 1. ; .^ 71 j -^.'705("• ^. ^9 )- r	 .l c64
2.14 317L '1.41	 14 -.i•2'.!(! C •521rti5
1.n07`3 1 ^ -!.4411y n7	 S x.411 (•1► .1^712
1	 )479hI -1. 44.	 (•4 - )•346 7 1? •44`)4l'4 0.41-741
1	 491., )„9 -1.41 X7 7,3 -).31504? ).-47C'S,i3 t,14557.SH
1.34'3 '-I^ -1.51r	 27 -x.324474 0.4115 J r, .411 t-
I	 79Q J ')^ - 1 . 9.1 1 5? -').	 3 12 :?'; 1 :' . F 11	 14 .v It	 ,A
1 . 7'•4(1 1 . 4 - 1 . S!, 13 24ti - ^. 341)94 . 4 C.5-146 3 1 . t .t' ! Wh
1 34877 131i 4 f+.3h3I"`
Gc , 483 0.976`)12 r .'A24 7Q(
nl . 5Q'4bu - 1 . 555 78? . 35444 3 n. b954 "1 .? J5147P
1.54 01,,; -1•`,•172')8 - ).363416 ^.F 131'41 F24,
1.40 n 4 11,3 -1.7'11 r,1 -1.3h4Q•77 n.62747q -.74202
1.44Q4')7 -1 . 7')4411, - ).3' -4 6'47 0.63A h7 (^.? J2550
1.39')(4')7 -1.7y'j?14 3 54 042 ^.642751 ^.170,493
1 . 347 467 - 1 . 1?7f, 77 -'1. 34(4089 Q• 6"48666 .1 4Q401
1 .299 )6' -1. 466Q5? --.335312 C..h2,1,C12 0.116719
1 . 24)(4 S7 - 1. 4 "7 '4? )5 - ). 313452 r.5 -91 31 J •.-76644
1	 1 Qq 46( - 1.951 1 31 -).2423q5 (x."41 111 C,.C'47?2b
1 . 14'0 6 ( , -I • g "77446 -')• 21 4 52 0 C;.47Q447 3.1	 hl^
1. )9'49b6 -7., 45 9 0 7 - J. 191431 0•'471 1 Q -^ ••"
INITIAL MACH NL,3E R IS 7.999992
7.944412 r.0 -").C12738 0. C.,004 40-a
7.94 Q 992
-C .4248()i -J.!'12965 0, 0jYi0 q O.(J _)42ti5
7.999 ,4')2
.4273Q?
-1`.C13199 0.0O5641 (`.9')3421
7, 44 g 9a2 -r .43.^ 103
-0.013436 0.OJF77 0.4^3617
7.79Q992
-(.4327,47
-O.C13680 G.005q?.1 r,, (4nii4i
7. 74' 11 41 -C,.4;5521
-0,013930 0.C,U6067 C	 44U.q.1C
7.6999(11
-C'.43s426ti -0.0141 P5 O.CO621 7 C.g02715
7.64 g 9 O 1 -^.441092
-'.014441 0.006373 0.40241"!'
7.59Q g 31
-C.4430C1
-0.014715 0.00
	 532 C.902OQ7
7.549991
-').446754
- o.014Q Q 1 0.006647 C.Q,)l 765
7.4Q9ggv
-0.44Q637
-0.015273 0.006867 0.901425
7.44'-914
-0.4525b6
-0.015561 0.^07143 0.g0 1077
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r
SPACE DIVISION AF NORTH AMERICAN ROCKWELI. CORPORATION
TABLE A2. SLAE RSCN 1 C FLOW, AO I ABAT I C CONSTANT-AREA FLOW WITH  F'R1CTION
OF A CALOR I CALL Y PERFECT GAS (PRELIMINARY),  (CONT )
INITIAL MACH NLMER IS 1.999992
MACH NO	 PROCESS FUNCT ION 	CLASS FUNCTION	 PRODUCT FUNCTION	 FRICT1tNr FUNCTION
7^ I110. , 4. 56 x 7 1 -	 .(. I SO4 .('x'',1 1 .Q`	 f;)
7. 34 00 141'1 ,55
7 1 794 Q -t • 4 61 h ih J•('lt4 71 `. (.p 76 1') 2 ` .N7 'ttiRr
70.49.1 -r .4 4,4''43 167W) (	 •1' !170(1[ Coo 49^jt/I
7.	 I	 a')	 ).. -	 .4 ^1711 7 .no 4 -1 1h !	 .§4(1 1 3	 f'7
7.14')) •) -	 • 1,7f C, 55 -r.r'174S2 .''	 H717 ^.M1307lop,
7.	 ) Q1 1 1 )na -( . 4 74f'AI -0o( 1 770 6 of	 . i-416 r.wlwzp-
7. )40 1 14 .4 _C.477, Sl -3.011414u 4,.0,04f,62 ('o" 47,36,1,
'3.4^9 44 3 -r.4141617 -0.019511 C."').4P4i 0. a475I(
6,. 14 • 4 1 )H -(1.4' 340'4 - !.01 99,42 :.r,(,Q1lei v.	 7'	 •,7
ti.	 1 1 114	 0 -0	 Z. '+ 7 1 h 0 -C. u1Q264 l,.( 0 '3 3 3 4 Vo0'3,,4,,)4
h. 14'1')43 - (.4	 `.V..V) - %.019h5 h c 	 1.ao,4' t-^,.(j9E, 141
ho	 3 -(.a73'17^, -).(201)57 U. ^ 1 O')18 ^.996644
ti. 7499 •) ; -(` . 44 744 4 204h9 1). L l ( . 1 1 :. a 'a 6, 144
•	 (4 • ( 1 '14 r, 7 1 . y 14F.7w
`.6 4 1 1 17 -(.`.'4•'	 6 -;•'^71^ 73
n. i	 7 -i	 .'	 lti 1 • - 1 .0'21	 11 1) )..,I	 I -.,,, .',	 )45`11
13.749-)	 7 .F11''4'' -+o072?'F ^).rIIi,.0 .	 )2"11,
1)o 4(V)9A7
-t •`1113f" -.,• V27t ''.:117	 ' .H124 ^7
.,./*vI ))u _(,.6.1(.1,'4•, _ ,•( 1{ 142 C'.C1?')43 n.r•')IA1 01.
',. 3 01 "46 -r.5' 3 r, 71 _,o^2 31,01 Q.C123 42 r .4 4I
5. 34'1 4 ;(, 3 , . C2470 4 ,.0 1? ? ^ 4 . • 0 4^ r, 7?
'1'•2 119 '» 4, - r•`	 31 14 4 4) -no 11 ? 4731 •ri 312 ►+ roPm9121
'1. )4 11 ) .4( -CI C 3441'. -,,o`25274 ^.^,13'1!7 .000 250
h.1949 4 6 -,..,0; 31 7 -'.t`t. ..^13119 C.c1If1^i77
. 14')') 4 5 -	 .	 41')1 - `. '264^5 ^•1:14'15 Doh f7ahr
S• 'in U	 14 5 -i	 1i7 •C2h . ^1476A -1714`
b. )4,)a i^ -^	 . 1,51237 -1.I?7O, 0.''1`+?Ih ^•9m0'A9h
^i. 40'1) 1 j - (1.5554 71 - i . C2 R2 V) (' •^15 4,4 1 0.8H'.o,73
5.94944 _r	 5s;ujrr4 -1.(!2AR74 00C16; ')4 0.a84A11
5.4Q')9H .. -x.5',41 a 1 -`.:295' 7 ue01h464 0. oa4 ^^9
5. 1349')1-1 -(`.```) A l, 1	 , -.J.ulol;71 .1.,)l 71 0 4 (1 ' Pi ll r1c:
5. 79 0 9	 4 -t	 .57111' 2 -).0,3C9^5 n.t',177?3 1.	 )22A4•
5. 74 1 4 .4 4 -' .F7 7 (111651 04,?04 ^.P.+1 Aar.
5.6Q') 104 2	 ? 7 -	 .n 127 9 7 U.^114866 J.H Jr44P
5.649' -( .5 , 7 -	 3316 9 U.,- 1'447C 0. ^7Q4'11
6. `1'17'	 ,, t _t	 , •, )I c,0 1,330h2 0.1,200'9`1 C 074 1,( ?
5.56. 111 1- - '.034781 h.( I 1 1 6'2 (1.f.776.!	 C
5.4ctr, -
-( •6,71 1 7C, - :•.1^jhc5 0.(c1411 0.1,7134:3
5.44^c i.(-.-A6 C1.071,' 11
5. 14491;; _r.Fll(. 4 7 _^.r)171v5 C.027A7l 0.0"N.
5.34')4 4 i. -t,.611- 7 04 - :. 11 3 K 3?? 0 . C2 1h 1 7 C` . a 7'1 944
5. 2 1) Q i 9Z -r .6220 11 -C .03 0 2 7 3 0. ^244 3 1 ; .4 7 1 143
5.24c)'1 3 -7 -C.6?735'J -,).(1 4 0267 ^.^252,2 G.P106'2
5. 1 Q '1Q '12 -( .b 37 75 1 ­) e _141247 0.0261?4 01 .860318
5.14 11 " .1 1 -C'.u33216 -).:'42341 0.''2702-4 ^. gh V) (-r
5.04 9`14 1 -^. A 4381 2 -0.043429 0.0279( 0 0 • q / 6611
5.049 9 41 -( .64 7474 - 1.')445ti3 G1C1%1946 C.96r,1°5
4 .9 0 ' ) ' ) 41 -C .63523`► .045715 0.^.21n54 C.P h -47?4
4.940n 31 -1.11 51 08 n -J. 04_6016 01011015 f'.P62IPQ
4•A Q 94 p 1 -0.66703 ) -0.	 157 0 .032122_ 0.9t 0612
4. 34 40 41 -C . (• 73C 85 -0.040440 (' ,033774 0,A59')7P
4. 709'49" -0 .r 1 0 241 -n. 05(1 769 0.03-*443 0 •85720?
4.74)n -4 -0.6154n9 -;;.1)5214,1 0.0157%2 1.HSr,511
4.h 010 !fv -0'.611 "58 -11n535h1 Q.070S7 C .95'47C5
4.c 4 n QRC -0.6 4R3 v> -n.055031 0.038430 (1.05 114 [°
4.5 Q 997 Q -C.7n432U -J.11^6^+5 (5.039A65 r.94099s
4.54 Q9 7^ -0.7114,20 -1.05P12q 0.041365 C.847>i?7
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VOW 	 -mmommonjor-
SPACE DIVISION of NOR'rH AMERICAN ROCKWELL CORPORATION
TABLE A2. SUP£ RSON I C M-OM, ADIABATIC CONSTANT -
AREA FLOW WITH FRICTION
OF A CALORICALLY PERFECT GAS ( PRELIMINARY), (CONT)
INITIAL POCH NUI45E R is 7.999992
MACH NO PROCESS FUtjC T IUN CLASS FUNCT IUN PRODUCT " CT ION
FRICTION FUNCTION
r.	 ,	 X70•4 -^• 11P ..4 -	 X16 1 l
.%41,:	 ,`
r.;^.4 r,1ti
(, . N4472r
V. H43r,14
..4. 1.4 >>^ 7 _(	 72c.	 ",•' ^	 441)-	 .. bl1	 C .46,711 (^•^4I.'h4ti
7 yl
-^'. -	 .r'tiSf.l C'.^4N'^97 G•N4.34'^u7 ;
.t -J.l'b6A0S C.. (' 4 =) c 1h y (`.N^F44
, 7,4444 -,,•C'hAA41
C .,l^l rcl7 G•f.	 l
-(	 4t. 7r,^,t -^.,)7vur,j O.l',io74 ,c,l!^.N1r	 ) iV1'
'' 1 0 -,	 .U72'^^ c, C^.^^hih1 r.b2t'4	 b
-(. 777(,87 12a C,.f tih4'c, C .g25Ff3r• . U° a')?7
-(. 7 jtF 73'- _ `.,.773 ►• 7 (I(. t.	 • j C .	 7?.U': r74..'4 c
-t ,•,^7^7) C	 91947?{.	 X77
-f	 ^?
`rl1^^ -.:•u9214H l'.•na	 ar 441.94
3. w v P I -:. O
44t6^ 0.(c,a^a" C.W "14 Pr
{.^4''317 01	 1- - ti.,H72Q? C.''71ti2u0.r74^ti?
C•N(`^4^`
yr,.R()',F7r
3. Tuu'a /u -(.F7fly7a -0.C'dgnaQ 0.''777-) C•N n2nla
{.74 Q14 ^.x+37	 ?b-	 ' ^'^ t'-	 7	 19C ) c,' 4 7 t'.(Qi^r,ti ^.74	 "513.t, a '^' t lu -r•Qr'`^	 ^' 1 - ^ • r	 r,?457 ,:.7^^^113. •,4`;.1;, - '.q5o( !1)t -	 yP^	 J
-,.101	 5l. n.' ^9 2^1 (`.70?`^(.%'4
;r•r,,_, -"..:OA	 2 C.	 X 621" ('•771	 Gz	 401)^ ► .
•
"V7' _•	 aa5^,j i -'	 . 1 1??r l irrril C .77^4t 73.44 .
- '.12 5;^i c	 yr, (..77(	 414
3. ^4 ' > >'^ -(	 •'a l r,c, t 1) -' . 119725 C	 )7tibr.l	 l a>	 >,,
('.7^c
G.7	 X47
'=
-'..a^71'1 - '. 1?3712
-'. 1?7^Sti C`.	 1,'	 ? 0.75247f
3•
, 4 .,	 .	 ► . -r.°^'^111
- ). 1321 (,5 ^. 1.' . 1. 42 r.747A443. j v^^ t 1. -( .^`,^ 5c,.>
-(	 ^^2?^' -.,. 136 .45 n. 1 ?14 -9 C •74( '^r3. 14 n t7^ .
-^•	 ?G)L-1 ► ^•14.1'i(c) ^.1t)« ^ C.77[.h177	 (jU7>>G
y ,'^^(-^ -	 . 1 4 F143 0.1441 71 (.7?7131 
2	 o0^V7; -	 •'^, °C h5 - `.1^11'^ .1`+1.13 764
r	 7 1 „
"^?4.712
2.1)4907 3 -l.Jll°1 -	 403 C:,]`, a ?bN^.1^,^Nci/ C.7O;V19
• 1)9 cu 7' - 1.025^01 -	 .If	 I"ts)
- .tr,14(3,1 CIO7.,°4? C .h^^54f Qa4n7/' - 1.: ^c ri rih
 -1.G5?G 24 -('.173340 0.1A2427 (`06At51P0.67714
. 74-`c /2 -1.')6't( 14 -r . 170472 C • 11 374
-0 0.6671722^ h OUV 72 -1.0011,)7 -	 .195 7 33
- ?. l 022^'ti
(1.2ou''
C.21r754 nO tt, 5 7C NG1.0 1 61 r. 3
-1.111435 -('. 1 V'10ti, 0.221234 0.6462EF ^,o^i'^7_'2.
2.54 f)'l -1.1?T191 -	 •21,607 7 ^.23?7. Et .5 ^.h34Q^`
7	 4 g ou71 -1.143399 -'^.213AIR 0.243472
L) .6
2.44 qu 1 1 - l . 15 1)995 -'t•?2lA40 0.25 h 17 1 0 .h 14544
7	 3o"x,r1 -1.177r41 --1.?18SP2 0.1160 "5a C'.507414
2.34')1 - 1. 1946.7? - J. ?1655'3 0.26,2
2o? 0914 7j -1.212714 -: •24476) ^.5Fc144
2.24Q77^ -1.?'1414 -"0'-r 	1)l 15 0.311761 l^.553c ? h
2. 190 1 j7^ - 1 . 7^,1 V5n -^. 2617 A 3 0. ~27397
^441`.~37
?. 14 Q0 7 ;, 27^41 7 -' • 27 ," r, 74 0.341742
f . s ) 1 1 74
7• G 9 '1Q 7;, - 1 . 2 C3 0342 - ^. ?705 ^4 16 0 105 ^^ti 57
97
2. C4 9 q - 1o311921 -.. 28953 A 7 A 5 4Q (' .+ o
5
 L 7
0.4t-S6`411. QQ9'), ; - 1 . 3316°ti -r. 297c,25 C?.3nb1)41 ^ .444;3x41 . `149gr,0 - 1 .3561 0 -'-. 3067)2 0.41 5049 C 04 ,>4C671.9944, 0 -1.370474 -0.315f,P7 ^.4154u3
1	 84)'4x.: -1 . 4 235 76 -0.324479 0.455432 0.4117 le•
l	 7Q')Q - 1 .42P542 -0. 332 1)53 0.475637 C .'17,95 13.
1	 749 1 4~ -, - 1 .454431 - U. 340y4•) 6.495887 C .z 54230.
1	 b n ', )F•%i - 1 • 4 K 13 12 -0.34(127) 0051989 b 0 .3249 14.
1.649'463 -1.5n024n -0.354672 0.535295 U.30?64P
1.5991)43 -1.538296 -0.350849 0.553552
0.27r,424
lb.-25
SD 69-168
SPACE DIVISION of NORTH AMERICA~ R OCKWELL CORPO'k kTION
TABLE A2. SUPERSONIC FLOW, ADIABATIC CONSTANT-AREA FLOW WITH FRICTIC14
OF A CAL(A I CALLY P£ R FE C T GAS ( PRE L j M I NAR Y) , ( CON T )
INITIAL MACH NUMBER IS 7.999992
MACH NO PROCESS r-UNCTION CLASS FUNCTION PRODUCT FUNCTION
FRICTION FUNCTION
1	 y r •	 '' •	 '.
;•'4 _	 ,• 4h4'101 ('.	 "'l r•,i
1.4/•u n
-il - 1 •
n	 c.. a7i!) ^.I 5',1`h
•
1
12; ?5
)b	 l • 1l ,- -!.	 7.1 _^• Iih{12
.
	
7.,7
. ;	 5 r.	 c 5K^3_' ..71.•0•.
4')/rt .744114
•
- ^ • : ^••4474`1• ?
•v?^r ^,^
1•	 "' 11. -1•Ql.	
lZ r _)^Iglr,ij r.i47rh4 - 	 •
INITIAL MACH NUMBER 15 6. 999989
,.
yl^ -1.41`1`1 -	 ^,,^ ,^^	 ,A{. >7r+.
--('.43
-'.4 4 14', -	 7)^hl t^l •a^1Q27
h• T4 ^ A•. -(	 4441, x 1• -	 .?v4b 1 .1
^, 7144,
:1QJ,,' -^.4. 4 7''1? -:.v?^w^1{ r	 -.^+:7
b•6"	 1t 7 -n.451v^4 -)•J711i 1 +3
x,.11 lav,' 4,,42 - t • 1'?177 -1710'15
ti.5a» 47 _(;.^. ,'► 7 ? y -ll.l ?l?3 `, _	 1	 ,1 17
6.4`:1 '191 -n•41 11 4 1 -'',•ri77lJ' .	 11•;4
7 1 .,71r`iJ32
y .4	 ( 1':114 .uiNA
5,30441^ -(.^E< riZ.^iUl ,11 	 aq Kj7atiA
i
.^04;, -r	 !.471 -ry.r?4761 .^llr•14 .°173')1
h.2nq ,44 -x'.4 -I.0?4'131 ;1.,1117, 7
h • 2494 it, -.; . r75? 74 I -, . 
a 1 ^, J 1 4
4,	 0,1446 4. -4	 4 ^124',3
5. L4Q'1 9 j -ii•iN`.214 - "1• r2ti4;)5 1 4'47,
6.^Q0lu; -^•4',^•`	 `1 -'.C269'^'. 0•01?2?a ^.a 1432.'
h^04 Q 445 -f •4`3 R. 9 -.1.(27h(•4 0•n11632 .°1
-0. 4 ,) 77 4 { - "'. 024230 J.014,151 r' ,a j ?a 5C
5 . 44 ° ^ it -1• ^^ 16 V 7 _f	 • 1,? J :; 7 4 0., 1 44.1 6 •0 1 2 ?4r•
33`19 ')'.
-`.`x.57,05 -	 .02°537 G•C14937 111(
`^. 34(10 -1-, -C,.5no7g0 -r.0;r221 C." 1`406 `750
5. 71 0 '44 :• -x'.51 3 4 ,15 - '.( 3J425 ,1,;,+1^,•l42 ti.°i no,,F
S. 74)-#^ 4 -c••` 13131 03165J ('.016400 ^.HG^15^
5-)9914 522"5 ► -!.(323'^T ^.! 10773 C.P";^31Q
1.641,493 -r.52t.F79 -'.()331f.9 0.n17453 A;)74F!.
5.579 4 43 31r!,1 -.(-33402 ,.014!`30, .W.)( 573
5.14 g4'j -	 • F 35'"19 -i•Cl47R! n• ^1q^,? f. r.N ^1100:
5.444943 -,).035624 C.''► 1Q231 C.	 471`
5. 44 riJ .(j -0.44 4E ?1 -1.036400 u.01oV77
5. 3an0i2 -0.549249 - 1.C3739ti 0.C20541 U.A17716
x,.149042 -0.554030 -^.C3832? 0.0?1232 1`.°:)10)73
5. 7 14,4 9 4 2 -^.55A° 4 03Q27'1 0.1)21951 .P0(-SQ4
5. ?4"Q42 -r,. ^h37'AI -v.04J26 r.1'27. I;l J .7Q047?
5. 1 0g )-12 -6.559709 -'7`.041?i^ 1 0.C? 3096 C..71P9?5
5. 14')QRl -0.573754 -0.042 341 0. ^24293 0.7071 31
5.o lgg 11 -0.570802 -0.04342. a 0.025141 0.7QSFa1
5 .049 0; j -0.5x41 ^n -O. C44559 0.02hn?_4 0,7q4,619 
4.9 0 Q a 41 -r•. 59 l)415 -n.045715 0.026Q45 0.74324`+
4 . 144 q 9 H 1 -0.5)4 Pn g -^. 046916 0.02 70 Oh 0 .7 0 19 14
4.499911 -0.600294 -0.048157 O.C28r43R r .71(N495
A-26
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SP ,kCE DIVISION or NORTH AM- FRICAN ROCK%%'F.LL CORPORATION'
TABLE A2 • SUPERSONIC FLOW, AD 1 ABAT I C CONSTANT -AREA FLOW WITH FRICTION
OF A CALOtt i CALL Y PERFECT GAS ( PRE L I M I NARY) , (CL7N T )
MACH NO
4 .	 414
4, 1 ' 10 14 ,
4. ti ,1 >
is  {4J
4.2°Q
4.
4. ),114 117
4,J4JJ/ 7
3. g'o 7 7
3.4'1Qn77
3 . 7
11. '^4 ^)q 7L
3.5'a°97u
3.54"7'o
3.4JQ77',
3.44'Jy7J
3.3 0g4 "1
. 2 14 '4 'J 74
3. ?4 q 9 74
3. 10107:.
14Q,74
3.: 4 1973
2.^`=an7^
2•
2.-441473
? , 7t11aJ71
,74nti7?
6 X917`
2.54') i72
7 . r,OQ'i77
?.549872
2.404471
i .44407 1
?.309971
2. 34QQ11
2.2°9-471
2. 24g07^
2. 1Q397C
2. 14 0973
2.199'17v
2.	 997^
1.10096,
1.940Qb9
1.An9Qtig
1 • g40Q'y
INITIAL K44M NLPSER IS 6.999989
PROCESS FUNCTION CLASS FUNCTION PRODUCT FUNCTION
-
^.11Sr 713 I
21 4.1
1
•
^,	 I 1,7u
-	 •170 _	
^. ; , 1 .	 .4
A -	 •. 0 i^^ 1 • 1 77
-	
1414 ., -	 • l' k" IS
r7 -	 •.t( 4a.1 t.
-	
`92 '.^I'S1ca
- 11'•.^fl
^'
-..,-1;;721 ^ ► ?17
,1r M I 5 _	 ,.. '144 11
-^ 7 1,(,1 40 747 14-x:
-11.77c4;,7 -	 . ''.ac7 .	 1
7,'.'-13
-0, .7 4 4 -Ar-Q - l• 1'l OF_' 1061
_r •7 -,,	 . - C .l -	 .1C,ti2''3 s3`+'7
- : • '1c 4 '`7 - ?.11Z2^1 "c;
1 7 ' - ,. l 1 5d=; 5242
2
-42 1 5 1 -	 1197.25 ^.ro'ioL y.
-_ .e4? 471 -	 . i:13712 1'4?11
-C ,'S2
	 1 Q - `. 1171'55 ^.1 ?'1^? 3
- ^^ F .) ;cn4 -`.1311(5 0.11412(+
W/4451 -'•13', 645 G.111-443'1
,<< ; ^,5 -	 '. 141 AC ? ?.125145
11 Q - 1. 14614 '. 1 311	 11
_r, c - r, 04 -,.1511 15 ! 374)n
_n,c-r. ^A? -..1554(3 03!44'17
r	 ^a^
-
- '.IF,14?S r	 .151 `3Q
_'1,Q4^441 - ^.1A74Q^ ;.15P4?6
_r ^05;Zn2 -	 17334) C. 1 	 21)
-; .'17225b 74427 '^. 1 7'.440
r	 4;5035 -	 .1N53 3120
-J.° V ; gQ `' -'.14'276 C.1°227'
_1 • ^^Y41 7 -J•1 09C'56 C.? 021,
-1.'7' 7 45 -x.2'.:6'77 ^.212103
-1...'. 44 ' 1 5 -;.213339 0.222AW
- 1.CU:179 _:1. 22:840 0.23413)
,^.246027 
-'9 2	 3 236558 ".254543
-1.11rC54 -3.24476^ 0.271696
-1 . 127( , )A -i.253175 0.285505
-1.145P 9 3 -0.2617P4 :.	 9og8l
-1.154665 -0.270574 -	 C. 315129
_ I 1 )4 4. 	 - ~--7.2795; 4 0.130945 •
-1.2.'-,4071 -0.288519 P.347420 
-1.22 4 7 A ^ -^.297625 0.364525
-1.24b203 -0.306702 0.38?212
-1.26P388 --3,3156P7 0.400413
-1.291374 -J.324474 0.418326
A-27
I-RICTION FUNCTION
•
► 7. .
.7 ?L
. 77 3' 0 .
.17^ '/'
A. ,71^
7 i t 4.)4
.7 0) 4' 74
7 h 1 r ;ti
.1 it-
r .7i3472(.75' r-',4
.7.7'+1
442
..7A7yo4
.7;:`7
C`.'r 2 F 351
r . .7222 Q I
.71 ': lz
^.71?5-47
/x•,-1.7 QC)
^ 7 . 4   .C.
.''	 I C
.hJ^^.^l
.ta71t:
r •oLkc7t) ;N
l .t ^ Q 51 7
r' ,t,3?F hC
n ^ F 24 1
•,t,l^?1(,
:'.f,153i2
r,sosQ74
r.5A5635
r• .574 757
C . V. b„14
Cl 9F51 311
( .544717
.5?`+4b3
0.511516
4^)F,8 Q b.
•441526
0.;65371
".44A40e
0.43 X617
C.411944
C .302369
C).'A71PAb
SD 69-168
SPACE DIVISION' or NORTH AMERICAN ROCK%%*ELL CORPORATION
TABLE A2. SUPERSONIC FLOW, AD I A..AT I C CONSTANT-AREA t-! OW WITH FRICTION
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL MACH NLMKR IS 6.999989
MACH NO	 PROCESS FUNC T I uri	 CLASS F U< JC T ION	 PRODUCT FUNC T I ON	 FR I C T I ON FUNCTION
-1.4^1....
71'
1 •'^aQ J
_	
7.4f	 7
.
*6- • 070 •I" r,l'
,&,,,,C4,
-^^^ ;j Satin .^'I`tt^l	 ► ^ •-^ r 1,1
- 1. 28? A-1 • ^•'n ,.3 1 ^ .; ` 41 1 7 7
.1141411
INITIAL MACH NUMBER IS 5.999985
5• {,;	 a.• -/ .4471 f,7 -	 '.,'Z n `i3 1 •f	 1
1^^S^r
+ _	 3r7^1 1	 h 77
C't 	 A J. c 1	 i
•
.7ti^-'
5. .,	 a ',^ -^.r37^n7 •^	 j^'^ ,• , .7^F.7
•x.54
	
: i '; -C	 .:',^	 t•. -_.03315{ .X15;%,5 ,T35	 ,
5 • ;cu'- +^ -..:7	 -, 1 - ;'. C334E2 N1 9,71 .7 X 51 •^r
•
^,^•'17 r.7744 47^
•,
	 4 C,	 7	 ..4
5.44^ 0 -13 -:.^ 1 ^' l a -'^.0354gt, ^1 7 ,14
('. / 37(,ti^
03	 , r
S. Zan^J ;' -f •h^l 1 7 0	 1'13812? .r 1 SA23 0	 71C '? i`.,
S^7	 ^_,.^a. -L.415`, 14 -^. ^3^71 y .^1^47,fy C.72caF 2
7.24''q?^ -("^.r^',. = 1 -0.^► 4;t7F,7 .''2013` r .729s^g3
n,r. y ,
.l	 ' -	 .5 ^L^ )^ - ).C^41 ^^^ '7'.1Q3? (	 .777F-6,;
a.,• { ;
-''.F,^17 (`47341 •,	 , 1',';^ l`.72r+?lr
s. 5 	 _;^', i -U.114?42'a '^16 C.72571C
5.)4")eI -(.`,1rf75 -3.044553 r.	 '31'16
(`•72^^^,1n
4I r. 10u^ -^^.r•?-.^ -.'•t)4ci115 1y3^ C'•7714C4
4.94-nq ; 3 r14 6 14 	 5 ;;.	 147 n(, C .7	 79
4. 4 0UC• '',1 -C.ti13413 -).048157 t'.025fg7 717
4.a4u4l,) -	 .';j c,& 21 -).04n44'' ,).r -76t,75 C,^7lot,lr
4.7n'aavc -C.r-..3"1 -U. 050761 C.1'275;13 ( .71026(
4. 74 g a , 4;_, - i.5 4t+c' Hq - u.052141 rr^2a/,75 ( .71E-45C
4. ti -) n 'I I,, -r . 1•54 i6c) -')	 U5 35b1 0. C205 ,)- C .71 53('.P
4. 11-100 04 ; -; . j sn` 46 -0.055031 0. ^3(1? 09 C .713 "7E
4.5?9'47^4 -r . 1; 65416 -O.C56553 0.031976 .7123('2
4.54•')c7 3 -(. 1) 71t '14 -3.05H1i n 0.u331g7 U.71CF.71-
4.G ^9y 7:
-
(.57hP 7 f, - 0. r)5 1 760 ^.03 4474 Ci.7f1 °0f+^
4,44'+	 7 f t -: • 5 g 27S7 -7.(,6144n 0.C35`'I L .7r,7i27
4
	
7, -; .5 4 P7b -G. 0632(` .) ,x.037213 C.71 c;4C3
4.34 1147 ; -r . ^'`a 4F R 1 -3.Ut,51•11 1 0.u38,,75 'J.7 i ^	 0
4. Z o n, 7 ? -'.6'.'11(9 -`.066301 0	 C4021(, C .7^15?7
4.24 0 ! 7 ^ hC 7454 -n.06AP41 C.^4l -11 8 C.6,O4Nh
4. 1 , 4417u -0.61Aa3,, -0.u7C9t)1 G.C4?5() 4
4. 14'387;; _-.620533 -C. 072 0 5 1-) 0.045271 C .^^51I5
A-28
SD 69-168
SPACE DIVISION os NORTH AMERICAN ROCKWELL CORPORATiON'
TABLE. A2. SUPERSONIC FLOW, Aa1ABATiC CONSTMT-AREA FLOW WITH FRICTION
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL MACH NlM3E R IS 5. 999985
MACH NO
3•
^•2"
• l 4	^..
3
.	 1
2.3-	 '1
2. 14'
J -' , . 7• • 
10
1.8444"-,)
1.7(1'^;^c
1.74^^ti:
1.54^'r`•
1 . 4^a ^^', J ;
1 .4 4 `^ `^ , 7
1.3y1?v1,'
1.14457
1 . ^^:.,c, 57
1 14o°'-•i,
l.Onoo^,^,
PROCESS FUtk.T I NJ
- . 
f 7f I ti(;
•67((41 {
274'{
710f (r^
n • 75'l	 l
_^ •7^61^,
-^ -A 71i
_( •.12"-720
P41?ti'
_n • A77 113
_ • u 1 7 ?an
•^;1?'n
,C 3 Ci4
-r'.'iyl?F1
-1.''1743(1
-1, x ;41 jl
-!.^tio173
77 rya
-1.116'43
77l
7 -1, 1,
-1.2	 y7
-1 •2512')7
- 1 .277: a^
3( 4,j^ I
-- 1.'32131
-1.35157')
"4437
-1. ?494^
- 1 . 450'331
-1.4`4436-1
-1.532?3-A
-1.513-134
-l.f 1~717
-1.51165
CLASS FUt4T ION
- - • 077 )^
-^•117V V % 1
-1 • ^ 071.••
-1•,Ja41,f.
o
- 
r • 1 3 F) h 4'^
-	
1461 4
-h• 1 X11 1i
-) • 1 564•_'
- j. 1(J1 W'A
- r . 16748
-x.17134')
. 17'442?
19 , )	 6
-	 20-,')77
).227,N4"I
- /•?2Nti6f
- ).24176U
-r^.25311'a
2617'4
27 1 5 74
- ).27v1;04
207',?5
- J. ;na7U2
-0 • ?1 ^J,07
-".3244'(1
-	 '31_'=53
34 ^ 94"
- 
).34"-477.1
-(1.35467?
-1.359441
-0. 36341 "1
1. 3 6 48' 4 7
- i.3636a'
-0. 35')114?
-J. 3499 r1)
-^.335'12
11 345?
-0.28239`+
-'J. ?3(152"
-')• 181431
PR (A)UC T FUt 4C T 1014
,111?
ti i J^ it
^	
11	 1
. 	4'. 1
U. `^^^^ {
.'.17 1 4` ^•
r.11?5''1
(..1!a
• 1 , 47 i
:!.11Q77I
('.13`145
4
	 y'
1, 1 ~71195
1	 4 ^ti
n • ^ 74767
r, l y 1 ,"!4,
rr. ? 1 J')A5
,J 24h59C'
G.?1;n211
^.27?F11
n 2.4 tl 'i ^. 5
v. 3	 1. 17
!1. 31 6 4 1 a
t`.33?"151
r • 34 464'1
n z 5 1, 1
r . 3 ,' 96`'
(,N,4n^,474
0:.41 Pt a3
t.)
	 5 7 i3
0.4ti'14U
G.4(,U242
r).4R4117
rJ , 4063-43
n, 5 ;6416
C.511577
(1 510 #,SO,
0.S^1248
0.4`!x+470
0.444217
C,' 3 R 7 011
.301347
FRICTION FUNCTION
if
4 144
► ;7?t
"I !
•.	 i s 4,q
, • n.. ^ 1 7'
!r •, 47 0 17
•. 1 c 2r.-
C .^ ? a,;a 1,
^ 	 1 aaap
127,
r,(; ir 44F
r ,5^;sr07
C.^pn777
C• 5 7 `' '• ,' 4
C.57171n
F ' ?64Q
:x,5;517,_
!^ • j4n2t^c,.
n 
.5 ;h^Qfl
•^ 77
	
?
.516117
n .i^^5941
n.4 44('4
C.4423?'4
^.45t 43^
0 •440462
C! .427 745
"-.412322
r,.3C'6112
( .371,'r(
0.3122?
^.3y'S1!^
x.3220)
t..V)2 4 7C
.2H1112
(:,.2`+a4WP
C.235d3?
p .21 t ,h4
C . 1 ^7452
C.1 ?'6ti
0.1 iEaP7
C.1113C(;
r; .r ar-47y
^6137"
J.03F 192
C,.C173?P
-c .
A-29
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SPACE DIVISION of NORTH AMERICAN ROCKWELL CORPORATION
TABLE A2. SIDE RSCN 1 C FLOW, AD 1 ABAT I C CONS T AN T - AREA FLOW WITH FR 1 C T I ON
Of A CALOR ICALL Y PERFECT GAS (PRELIMINARY), (CONT)
INITIAL POCH NUMBER IS 4.999981
MACH NO PRUCLSS FUNC TI ON CLASS FUNC TI ON
PR(AXf-T FUNCT 1(14 FR ICTI ON FUND i 1QN
i
4 It 1	 41
4 •
 Tr •ly -l••4•{1!.c► '1 -	 ^• f; '^)1 4 1 ! • r: ^ `'l ^ r+ .^`'^1?)
4• ,x.1,1.11, -(	 .4	 ,/	 ^	 ••, -	 1 . fly^`,r	 1 , 2r„^4 n i	 .t	 4 1 '• 4
^.4771 ►`
4 • •C,	 i1
^21•)49.
^.),Sr1{
4 • .111: -1...,	 ..'
- 	 ''	 1	 `	 T1
r,ri4
-'•f'
- 
1.1	 c	 it? ' 1 .	 ^15h
I. 	 'i'
(	 •al.4'
r	 1,'	 : .
,•. -r,•	 l -	 •x'/144'1 ;/`, .	 ^l'
X0.17	 : -(`. 5l lr /,•. -	 1. (lf.	 ^•^;1 ^A.
q	 >	 >.,,1
	 ► 	 ; - r. ti?Ar1 41 -.". L't,(,^i'1; r .' 	 , 1"J .c	 Sr	 ^ f,••
a•1 -r. ► 	 14 / Ai , -	 _.I	 •'441 v.'	 ''	 ^l?
4.•• L^a1T - (•^i:f•4' -	 .	 7'11, 1
1.	 illr•
^. J .uv /' • • r	 7 .. 7{.t,j
z	 r	 r7 - r.ti,	 l'5l - ^.I i7^w? ;.	 51) 15
l
C.312h24 _	 ., ^»q'1 rl.rci3.ic: .'•1`•'-f'
'	
?
_ 	 1 , r.r5^•,t,, 6.517;41
i	 Ta •,'7 • 	 71. :.^ ^ a lr •
' > >c '	 7
1 7 -	 t	 l og n,^a ^^;1 .-
. Q 1	 9 ) a•i •1.	 hf	 ,t.Q c	 7
4 0 1 4 3 C
^• y)
_°,	 a. .^^.-
	
'r' _	
• 1 1	 ••. . • ,. C..,o:;.71
^^.14uGT,
•n
^	 • 1
-C.	 1 -x.11	 r77 c ". {7'^ir,^
_	 l,i7i2 C'.i `;'ltd •^^l/,;f
•
3.	 .	 , l :. _r.	 r,^
r 	
"+1 - ^. 1; 7^5{ r•C,a7^5h 77..5, .
'j-
	 1:. -C.t,ni.l1 7 '.'1/,> G.",,11	 ,
^.`72^"^r
i."av=1, -'.71^C^ _1.14r,14i r'•1	 )11,/ -1
7 • ^Lt^ . . 7 ^ -J•7,;	 ^^ - /• lall' ti 1 1'774^•	 '
^ •`'^?' 1'^
`•`v71'7
".7in4'11 _,	 1sh4(^
A
,11`72
v. 121' '^
2	 471 -:'. 7 ,` ^7 t; 7 - 1. lh1	 3E. •4~c	 1r,.5 ^	 1;p	 ::73 -^.7 ,1'71 -''. It 74	 J
,1
n.12', )q..
-,17J.7 -"'.77'1`1 -J.17-3	 ^ *A.1.!	 I
."
2	 7l. 1G
	 t 7441 4o 711421_-	 • 1
n.14',r1Q
c
l	 21	 C."'
•
6
G.14^`rh C.c14j`•4
•
7	 h 4 Q'. 7^ -^•9' g lyi -.'•l a ??7h
^.15c0,.' r••crI	 UL T
5 c '3 02.5	 c -^	 "riq1 -'.1'10ci56 (.16301.1,,
^.4nR..l:
?.5 4 ^`r 7^ -r;.A351V-3 -'_.2r^r77
.1721, 2 .4u^477
7.4c.o;7j -C. F,4rir 7z -x.33.321 ^'
^,44^^ 7 1 7('1	 ) 4-' J.1 ..
3 -^ 77j -(..'+TT( 2^ -,.!.2?3^^? n•,r)C47 ^ C.462 5•
L'101 _'- •^	 111. i1(, - 	 2it,Sr. r1•^1 rQV j 1 .4
l	 2,	 ,', T j
-^	 4 . 72`J
-'^. >:•4701'1 (1.'c?;•^,h `.-^14?7
.,
2•a 7. -^ . 4	 31 -,.^,^17`, )•?3^T,.., .4,3',10	 32
2	 7^'	 9,,.1 -r.d ;o c, I I -J.11.l Tr Z 7.?4tiQ^+4
''.41P ^3'+
?. l4'"' 1; -(1. 	 L ')I -J. 27r5 7 4 ^.l5agJ4 J .4'l542t
2.014'1173 -r.o74(.9r - r.2IQ9%(A 1-).272262 .14? 147
2	 C4(1 147) -(.°'12'21 _ 1.2PA91
-T1P17Q
19 Q(; -1•: 11232 -	 n7''1c• 1^ 7(^!'7^, j C .1h35 L4.
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SPACE DIVISION of NORTH AMERICAN ROCKWELL (,OKPORA'FION
TABLE A2. SUPERSONIC FLOW, AD 1 ABAT I C CLjNST ANT-AREA FLOW WITH FR I CT I CN
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (COdT)
INITIAL MK.11 NUMBER IS
PROCESS FUrjCT I(x+
-1.111
-1.1'•171 .
- 1 • l ',r.
7,
-1.44(77
- 1 545 11
-i. ^^1 ` ^ 7 rr
-1.46: 177
CLASS FUNCTION
,•744Ty
-',^ 31 j.lti ^
- ^^ X4+:`)4 1
-. 
• ^•,4f,7,
1 c-4'{L 1
3(,'41',
)^
3r+360
- )• 1ti9)4?
-). j449A
3531
1 z45
- 1.2f'• ) 3a5
- ^• 1 31411
4.99998:
PRODUCT FUNCT ION
'1 •^1 '
	
{ ^ 1	 r -
•	 ., 1
	
. 4
.4^'>^c
•'•41614
'1./.71 ;., a
-.4(731
r.-,^„•1
^.41J143
+` • 2'! 1 ^`7 5
FRICTION FUNCTION
.^41
7-
1 	 744
c',1 7 i142
v.15( 1'aa
7"
17^
r	 7P, 7
57)75
." i5S2h
^1^•13^
- rl • t
MACH NO
l 1	 ,.
1./.^.
1.	 •
1	 ,.•
INITIAL MACH NUMBER IS 3.999977
3
^ G(7 in 7;:
• '7 4 13'-4 7 f.
3.^irya7'i
3.:.,,a
,t. 7 r
3.24 7v 7.
7,
2.	 7'
2. b	 -.1 1
2. 7 	
2 • 740'•72
?. h 1 '' ;7'
7.64 1072
2.5-)Q"t2
2.541;072
I .4 n ,)' ) 7 1
7.44 r) q 71
2.3a9^ 11
2.34.3071
2 • ?' ^ L39  7 1
2.24947
-^ .51177'
3317?
-^• . 1,:,x:41 ^
_r	 7
.5 f,7( 2 3
9 7 r c^ ^
5o1A(,7
_r • ^	 41 6, f +
". 5 10 n-4 7
7Z 7'.
-C. • r,.i' 784
. f,4[.'A(,4
37
7'-' ►irl,
f,(4 7629
-C .70"1C 1F'
-( •72 r 7n'4
-r .7324?''
-C . 7454E
r. 7c,F.34'F
-(.771773
7r,0Fo?
1 14 7nO
-C.P3^C4?
77	 1
• /ti7L7
4 i7''J
. lC I,5'.
- .1111745
1?3712
. 132165
-0 136P,4S
1 +•1 3t,2
14',143
-^.15117i
15 4(, 3
1r.1 K ib
- . 1 6 7 4 `3,^
-' 17314
179422
R5731
42?76
1g905h
- J.	 7
113334
- 
^.22r n4 1
.228582
-.^.2z651+1
`.244760
-0.253175
, 4 1n1
x.,1441, •'1
('4N7 7
(`•"c:? • 1 r t1
).	 U1'7f^ri
U• -,r c: 44
7.41ur,
U•1,7f•7%,;
V . ) 4 `n4
+^.r0 1^,1
cv.;lq
.rte?^15
C.. i "a 7 r < 'A
). 1 r,?oar
`.11 7 1 u4
^.12517C+
x.131501
+.1?85a?
r. 145046
C. 161795
i;.17^)439
0. 1 7`'572
C.1 ►3q?71
0.1`0436
0.21 01 4 7
C .5h 4 i 7
^.^:•71r!
^ . +7h 1. ► ( 7
2c -
7 . 1.
.c.c 5427
i	 59 ^?
r .','it 1 1
C •' 41)H',
i .7443 ,7
r •^411a7
•37,,14
X34[,14
3,•x,7
•5771 Q1
?t.7
141
.514 {21
l .`^ r	 24
C.4	 27,
r .49c'7!,^
( .493Q47
C.•.77r44
( .4714?4
ri.464,1,b9
^.417SS7
.+.5,',' +74
r.442 186
r .4? 3881
C .425112
. 41rQ I {
C .40(12C?
! .115962
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SPACE DIVISION r7F :FORTH AMERICAN ROCKWELL CORPORATION
TABLE A2. SUPERSONIC FLOW, ADIABATIC CONSTANT-AREA DUCT WITH FRICTION
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL MACH NLMER IS 3. 999977
MACH NO
1
•
^	 1	 .
1.	 ..
PROCESS FUNCTION
-^	 + t h 4 / 1
?'
-1.x•1'	 ,
CLASS FUNCTION
? , 1 1	 .i
?n 7h?
-	 4f` r ,Ti 7
• _1, x4479
• 14f 11.0
3492 / i
1 467)
_ ^• ?^v94-i
- . 3 3 41
364" 7
- . 36 3',41
1. 34 ci' 09
-	
31 44^;^
2c ,
-',• 1x1431
PR()DUC T FUNCTION
.r
•1
1 ` 4 7
A r)
.' '4N 41
4 +051
x,,1,70
•^4•^rr^^
.4iN'!7•
FRICTION FUNCTION
r•.1^•'+1''
.?I;,
 1	 t
. 7 4"f,^r1
. ' .'712
.1;1f.IU
^ •14^y^c
)4 71-C
r • r► f :14Y
r	 ^,';77f
INITIAL MACH NUMER IS 2. 999973
, .0( I " Il7	 ) ► •.) -0).1`)11	 /c, 1.0 .474'410
.aago7' 1. 1. - 1.1564::, 0.r•	 )1I.1	 s .47?	 3i
4 4h3 -1.1r,1ri3F, n..	 ► r.?;4 .4',719'
x. ( 46 - 1. 16`4 ^.1'.l^",b .461?r,
• 7c.0-17; _r.r 152?I - ► .17334 .1^f, a^ .45761
.744	 72 -r.h%E, .179472 .11%+^^ ',.451567
•n,
	 7iL7 - . 1cff,733 n•445^7?
2. 1,4»7` 4=,	 12 - '.1P727 0-.430743
7.5	 7c -+^•h^1,	 5R 1 131 :'.473334
7.540072
-C	 t)73' 7 -^.2':,0,)77 .1	 ,,	 ,7c.o r,42f.5n;
^ 4( , ) ;71 -C•h'a6"" -)•.'133'7 i•141.4rI ( .410446
2.44'x.71 - r. t,	 rj. - i.?20,41 .154':F3 i .41114)1
3c 0071
_'••713r 11 -').??A5P? ;:. 16^1r,4 '" .40'3 )70
x.34,)')71 _,	 /7a? 11.?36551 r .17 ?77a r	 .!455444
'.20na7I -r.7%3?,',a -O.14r•76r) .t'1",317 (.?A67 44
2.24')07•. _;-•7 2 1 9214x4 r•3771-,1
014 7,: -x..777!'•'. -+' . Zh 1 7F^ 3 .2 17 0 4 7 C	 3r. 7517
2.14007; -1.27k.c 14 4-A co, r'•^57)
2.0 0 `? 47, -1)•,Jr'NQ41 -3.2714504 ',4°4 4f 065
2.'^40'7n - r 	 .? a 4 t Z - 1.?Ryr,3li •13°(`44 r	 .33442
1.9"000 5 ; -''.847H41 - ).2 y 76L. r'.252134 C'.3221^.=,
1. a49 U 6. - 1.8!,F1 14 -1).3^6702 f,. '66?52 (.1Cr'183
1 • 9 08416=" -0-. 9`1 0 373 - 0 . 31 ri6R 7 C'.2A')7b4 (.2U5562
1.?ag'ar,'7 -').	 117,71 -0.374479 11.2a58?.1 .281 uQc
1 .7cl q ,:3	 ; -0.a 451 76 -0.332453 C.'AI I A 0 . 4 C .26514r'7
1.7491 r • Q ; •-)r jQ _;•)0 _3400[. 14 O.?772 /h C;	 ?40951
1.6 000 o , ; -	 .QnSQ711 -").348270 0.3433£7 ('.2'43170
1.64 1)x6; -1.	 13536 -).354672 x.150473 (.215505
1 .59 0 06 ; -t.	 4?718 -1.3503`8 C0 'A71;7?0 C .197?z7
1 .54 0 "5,; -1 . r, 7?( 7 ,4 -1.31,3416 !`.390191 17P	 a6
1.4 0 79 6 ^ - 1 . 1	 61,07 -G • 364 q 47 C' • 4x1 37')R 0 .1 5R ? 33
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SPACE DIVISION or NORTH AMERICAN ROCKWELL CORPORATION
,.E A2 . SUPERSONIC FLOW, ADIABATIC CONSTANT-AREA FLOW WITH FRICTION
OF A CALORICALLY PERFECT GAS (PRELIMINARY), (CONT)
INITIAL MA01 NUMBE R IS 2.999973
MAiGM NO
l . 44 "'1') 1
1.341C'+7
PROCESS FUNCTION
V.
,.141
—1 .4147)
CLASS FUNCTION
_, t• j1, 17n ^
3A`• it ,
- ^^. ^{ 1 345.'
P1431
PRODUCT FUNCTION
.41
(• ^ ) 1 J 1
^. /!4
FRICTION FUNCTION
,•	 1
n • 1141
l	 lti^•
INITIAL MACH NUMBER IS 2.149970
1.'44
1 . ^4
1 • ti 4 J •^'^ '.
1
,141
—)	 L 11'14'1
7^
—1. IQ 1A)
-1.1• ,72 f,q
1.h)717f,
-1.721 716
. 7	 74
. 
l7 '', ?4
- •	 ^ BFI[ ti
•	
) 7 J
-	 11 1r,^'7
- 
.3?4471
. 3 32'15{
. 
{4i:nz. a
34 'i?
15467 )
354A'- '1
364-1"7
— 
)• ^Fjil,'^^
• 349') Q I
—^.33',il?
313,-5-1
- . 2 i'1^+? n
-0.191431
17^, ?L7.
•4r.f.'i^,7
.4` )14z
• 4 C .'f 1 ')
n.'. /f 4f,7
^{ 71.44
•..i512Q
• 7 ;	 ^) f.
{10)17
A t. 1,7
r .2'i4 % ^f
r •111.74.
.. ^ 1 71, r 1 =. ^.
f • 1 1514
..•1'•7-iC7
'•.1[.14
^r,3y4,7
1 71` 04
A-33
SD 69 -168
